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Abstract
Littoral rotifers are associated with vegetation and
thus live in highly structured habitats.

This structural

complexity increases the possibilities of forming local
subpopulations differing in a) plant substrate used,
b) biotic interactions, and c) genetic structure.

I explore

some of these topics in populations of the littoral rotifer
Euchlanis dilatata.
I investigated several aspects of egg-laying behavior
in 3 clones of E. dilatata.

Individuals lay their eggs

randomly within culture dishes in the absence of substrate,
while eggs laid in the presence of an artificial substrate
are deposited in clumps by 2 clones.

When given a choice

among artificial substrates with and without eggs or
eggshells of conspecifics, rotifers lay most eggs on those
substrates containing eggs followed by those with eggshells.
I found E. dilatata most often associated with the
macrophyte Mvriophvllum exalbescens at 3 sites in Devils
Lake (Lincoln Co., OR).

In general, rotifers laid most of

their eggs on this macrophyte in laboratory preference
experiments.

I also assessed habitat-specific predation

susceptibilities for rotifers cultured in the presence of
aquatic macrophytes (M. exalbescens. Elodea canadensis, or
CeratophvHum demersum) and two invertebrate predators
(damselfly nymphs Hydra).

Rotifer survival

was greatest on Mvriophvllum.

This rotifer population

iii
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consisted of individuals of two distinct size classes.
Females of the larger size class are up to 1.5 times longer
than those of the smaller size class.

I determined

chromosome numbers for individuals of each morphotype.
Large morphotype females average 21 chromosomes, small
morphotype females 14.

Individuals of both ploidy levels

were most often associated with Mvriophvllum.

While there

was no evidence of spatial habitat segregation, their
temporal distributions varied.

Diploid individuals were

present only in late spring and summer collections, while
triploids were present throughout the year.

These

distribution patterns were reflected in life history
characteristics under various temperature treatments.
Diploid clones produced significantly more young and lived
longer under high temperature regimes (25°C) whereas
triploid individuals survived longer at low temperatures
(12°C).

In addition, diploid and triploid also differed in

their relative susceptibilities to invertebrate predators.
Both damselfly nymphs and Hvdra were more effective in
reducing the survival of the larger triploid rotifers.

IV
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General Introduction
The structure of natural populations has both ecological
and genetic components.

Population size, density and age

structure are the principal factors used to describe
population structure from an ecological perspective.
Genetically, populations are structured by the sources,
extent, and distribution of variation present Within them.
Both ecological and genetic components of population
structure can be dramatically influenced by habitat
heterogeneity.
The influence of habitat heterogeneity on the ecological
and genetic structure of natural populations has stimulated
many theoretical and empirical studies (Levene 1953; Levins,
1968; Falconer, 1960;

Garcia-Dorado, 1987; Pinel-Alloul et

al., 1988; Bell et al., 1992).

Environmental variation

occurs on both spatial and temporal scales, and organisms
may respond to these components in different manners.
Coarse-grained habitat heterogeneity presents organisms with
an array of potential subhabitats which can be
differentially exploited.

Genetic variation and phenotypic

plasticity in the ability to use different resources may
lead to habitat partitioning, and to the formation of
microhabitat preferences of organisms exhibiting them.
Theoretically, animals should actively congregate in
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areas where their fitnesses are maximized (Levins, 1968;
Orians, 1980).

The tendency of organisms to stay in areas

where their relative fitnesses are greatest can lead to
positive assortative mating in sexual species (Futuyma &
Peterson, 1985; Rice & Salt, 1988).

For asexual species,

increased population size in areas where fitnesses are
maximized may lead to increased intraclonal competition,
selection, and increased absolute number of mutations (King,
1980).

Under either circumstance, these processes may

promote genetic divergence among subpopulations of
individuals with different microhabitat usage patterns.
Studies of planktonic rotifers and cladocerans have
contributed substantially to our understanding of population
structure in heterogeneous aquatic environments.

Planktonic

populations inhabiting open waters are generally considered
to occupy a relatively homogeneous habitat.

Environmental

forces such as turbulent mixing and the non-systematic
distribution of resources tend to randomize the distribution
of organisms within this zone, and the relative lack of
structural diversity in this environment is apparent.
However, even within this relatively homogeneous
environment, planktonic populations often vary both
temporally and spatially in their distributions (Dumont
1967; George, 1974; Malone & McQueen, 1983; Makarewicz &
Likens, 1975).

For instance, the temporal replacement of

populations of different rotifer species within lakes has
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been well documented (Carlin, 1943) and King (1977, 1980)
found rapid replacement of different clonal lineages within
a population of the rotifer Asplanchna airodi.

Spatial

variation in zooplankton populations can also occur in
response to microhabitat differences (e.g., Weider, 1987;
Pinel-Alloul et al., 1988).

Since zooplankton inhabit a

relatively undifferentiated habitat, most of these studies
have focused on either adaptation to temporal variation or
comparisons between different lakes.

In contrast, littoral

rotifers are associated with vegetation and thus live in a
highly structured and diverse habitat.

This structure

greatly increases the possibility of forming local
subpopulations differing in a) microhabitat usage, b)
population dynamics, and c) genetic structure.
The tendencies of organisms to become non-randomly
associated with a particular portion of an environment are
referred to as habitat preferences (Rice, 1984).

As noted

by Jaenike & Holt (1991), behaviors leading to habitat
preferences are important because they determine "the regime
of natural selection acting on loci that affect adaptation
to the environment."

In terrestrial systems, the potential

evolutionary force of these associations is illustrated by
the tremendous diversification of insects which has
resulted, in part, through coevolutionary relationships with
particular plant species (Ehrlich & Raven, 1965; Janzen,
1967).

These associations may be formed initially by
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differential selection of different components of the same
habitats by individuals within a population; as noted by
Mayr (1963) " a shift into a new niche or adaptive zone is
almost without exception initiated by a change in behavior."
In addition to non-homogeneity of the environment,
habitat selection can arise as a result of 1) a genetically
controlled feature of behavior, 2) environmentally induced
variation in habitat preferences among individuals, and
3) greater disappearance rates of individuals in some
microhabitats than others (Jaenike & Grimaldi, 1983;
Tabashnik et al., 1981).

Of course, these mechanisms are

neither inclusive nor necessarily mutually exclusive.
Habitat selection can be mediated by genetic or
environmental variation among individuals in their
preferences for oviposition site, developmental site, and
adult feeding site.

Oviposition site selection is a

particularly important type of habitat selection, since it
may directly influence the survival and reproductive success
of offspring (Thorpe, 1945; Rausher, 1979; Tabashnik et al.,
1981; Via, 1986; Thompson, 1988).
The genetic component of behavior is often predominant
in insects and other invertebrates (Rausher & Englander,
1987).

As discussed by these authors, habitat preferences

in these groups may be determined in response to one or a
few stimuli.

Further, the relative genetic contribution in

determining these behaviors may be increased by stabilizing
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selection.

Stabilizing selection may keep the traits

determining these behaviors within narrowly confined limits,
since animals showing preferences that deviate from the norm
will be less likely to produce offspring (Parsons, 1983).
Naturally, a requirement for the demonstration of
habitat preference is non-homogeneity of the environment
based on either spatial or temporal features (Rice, 1984).
Studies of traits involved in habitat selection are
important in developing an understanding both ecological and
evolutionary patterns (Parsons, 1983).

Ecological

consequences of habitat preferences include 1) a decrease in
competition between sympatric species, which allows species
to evolve ecological differences and, therefore, potentially
coexist (niche diversification), 2) facilitated tracking of
spatial and temporal variation in the abundance of resources
by a single species, 3) occupation of a refuge from
predators, 4) increased positive social interaction, and 5)
increased chance for sexual reproduction.

Evolutionarily,

habitat preferences exhibited by organisms may lead to
increased genetic polymorphism within populations.

When

coupled with fitness differences among organisms inhabiting
different microhabitats, habitat preferences may lead to
reproductive isolation among subpopulations with different
resource usage patterns, and ultimately to spéciation.
An additional effector of habitat choice may be
predator-prey interactions.

These interactions may be
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ongoing, as Mittlebach (1986) has suggested, or a product of
prior selection (Resetarits & Wilbur, 1989).

Jeffries &

Lawton (1984) proposed that the distribution of prey
organisms may be based primarily on the availability of
habitats lacking predators.

Habitat-specific predation

levels can result in selection favoring alleles whose
carriers prefer relatively predator-free habitats (Jaenike &
Holt, 1991), thus altering the genetic composition of the
population.
The presence of environmental heterogeneity, through the
mechanisms described above, can lead to continuing genetic
divergence among groups of individuals within a population.
This process may result in the widening of the environmental
range a population can occupy.

This is especially true if

habitat choice and sub-structuring are occurring (Powell &
Taylor, 1979).
Another genetic mechanism by which genetic divergence
can occur is through the establishment of polyploidy.
Polyploids often possess physiological and ecological
characteristics that enable them to occupy habitats
unavailable to their diploid progenitors (Lewis, 1980).

The

tendency for natural populations to exploit polyploidy as a
means to generate genetic diversity and subsequently adapt
to heterogeneous environments is a fertile area of current
ecological research.

Recent work on zooplankton populations

has demonstrated a higher incidence of polyploidy as
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latitude increases for populations of Daohnia pulex
(Cladocera)(Beaton & Hebert, 1988), Cvpridopsis vidua
(Ostracoda)(Havel & Hebert, 1989; Havel et al., 1990), and
Artemia parthenoaenetica (Brachiopoda)(Zhang & Lefcort,
1991) .
Here, I investigate several ways in which a population
of the littoral rotifer Euchlanis dilatata responds to
heterogeneity in its environment.

In Chapter 1, I

demonstrate that some clones of E. dilatata lay their eggs
in clumps when an artificial substrate (monofilament line)
is present, and that the presence of eggs and eggshells of
conspecifics increase this tendency (see Appendix 1 for a
list of clones used and their place of origin). Moreover,
rotifers preferentially deposit eggs on the plant species
from which they were originally isolated and this preference
is maintained even when animals are cultured in the absence
of possible reinforcing stimuli released by the plant.

In

Chapter 2, I look further into associations between E.
dilatata and the littoral vegetation in Devils Lake (Lincoln
Co., Oregon) by examining the field distribution of E.
dilatata among dominant aquatic macrophytes and egg
deposition preferences as a function of the plant with which
the clone was originally associated.

I also investigate how

these associations may affect predation susceptibilities and
the role of plant structural complexity in determining the
outcome of rotifer predator-prey interactions.

In field
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samples, I noted that the population consists of two
distinct size classes.

In Chapter 4, I demonstrate that

individuals of different size classes differ in their ploidy
level.

Rotifers of the larger size class are triploid

(3n=21) while those in the smaller size class are diploid
(2n=14).

This is the first documentation of polyploidy in

the Phylum Rotifera.

Some ecological consequences of

polyploidy in E. dilatata are examined in Chapter 5.
Specifically, I compare spatial and temporal field
distributions, egg deposition site preferences, life history
characteristics, and relative susceptibilities to
invertebrate predators.

Following this chapter, I summarize

my findings on the population biology of this species and
attempt to integrate them into a broader ecological and
evolutionary perspective of how organisms adapt to
heterogeneous habitats.
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CHAPTER 1
Oviposition behavior of the littoral rotifer
Euchlanis dilatata*
Abstract
Clones of the rotifer Euchlanis dilatata preferentially
deposit their eggs on artificial substrates containing eggs
or eggshells of conspecifics, and on aquatic macrophytes
from which the rotifers were collected.

I investigated

several components of egg-laying behavior in three clones of
E. dilatata.

Nearest-neighbor analyses show that individual

rotifers lay their eggs randomly within culture dishes in
the absence of an artificial substrate, while eggs laid in
the presence of a substrate are deposited in clumps in two
of the three clones studied.

Further, when given a choice

between artificial substrates with and without eggs or
eggshells of conspecifics, rotifers laid significantly more
eggs on those substrates with eggs, followed by those with
eggshells, and fewest on blank lines.

When given a choice

of among naturally occurring macrophytes, rotifers
consistently deposited significantly more eggs on the plant
species from which they were originally isolated.

This

preference persisted after animals had been removed from
plants and cultured under laboratory conditions for 2
‘Portions of this chapter have been published in
Hydrobiologia 186/187:157-161.
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generations.

In choice tests between agar cubes containing

different macrophyte extracts, rotifers laid significantly
more eggs on those containing extract of the macrophyte
species fMvriophvllum exalbescens) from which they had been
collected.

Lastly, observations of neonate hatching

behavior demonstrated that neonates often spend relatively
long times in the immediate vicinity of the attachment site
of the egg from which they were hatched.

Cues contributing

to determination of future adult egg-laying site may be
learned during this interval.
Introduction
Oviposition behavior can directly influence female
fitness of invertebrate taxa by influencing offspring
performance and reproductive success (Thorpe, 1945; Rausher,
1979; Tabashnik et al., 1981; Chew & Robbins, 1984; Thomas,
et al., 1987; Thompson, 1988).

Via (1986) has shown in

leafminers that the choice of egg deposition site affects
pupal weight of offspring.

In aphids, differences in

reproductive success result from microhabitat differences in
leaf quality; females occupying superior leaf positions
produce 56% more offspring than those inhabiting sub-optimal
positions (Whitman, 1986).

Offspring growth is correlated

with adult oviposition site preference in Euphvdrvas
butterflies (Singer et al., 1988).

In larval fall

cankerworms, development rates differ significantly
depending on the type host vegetation chosen by the
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ovipositing females (Mitter et al., 1979).
Both learned and genetic influences may contribute to
the selection of egg deposition site.

For instance,

butterflies have genotypic preferences for oviposition site,
both between and within host species, which can affect
larval performance (Wiklund, 1975; Rausher, 1979, 1984).
Papa] (1986) and Rausher & Papaj (1987) have shown that
these preferences may be modified by prior exposure to
different hosts.

In Drosophila pseudoobscura. Del Solar

(1968) has shown that egg deposition pattern is
predominantly under genetic control and Jaenike (1989)
similarly demonstrated a genetic basis of oviposition site
preference in Drosophila tripunctata.

Theoretically, the

pattern of egg deposition may also influence competitive
interactions (Atkinson & Shorrocks, 1984) and subsequent
reproductive isolation that may in turn lead to sympatric
spéciation (Rice, 1984).
Egg deposition pattern, choice of deposition site, and
the ecological and evolutionary consequences of these
behaviors have not previously been directly explored for
rotifers.

However, Wallace & Edmondson (1986) investigated

the consequences of larval settling preferences in the
sessile rotifer Collotheca oracilipes.

Since these rotifers

are sessile, the site where they attach and metamorphose is
also the site where their eggs are deposited and develop.
Growth rates and fecundity of C. oracilipes differ
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significantly depending on their choice of larval settling
site on Elodea leaf surfaces (Wallace & Edmondson, 1986),
indicating that settling site may affect female fitness in
this species.

Similar data for other rotifer species are

lacking.
Littoral rotifers are ideal study organisms for
investigations of oviposition behavior because they
generally reproduce asexually and live in complex habitats
offering a wide variety of potential egg deposition sites.
In the absence of mutation, asexual reproduction can lead to
the generation of a large number of genotypically identical
daughters from a single female.

The formation of these

clonal lines is useful for a variety of behavioral tests.
Because phenotypes arise as products of environmental and
genetic factors and their interactions, the use of
genetically identical, clonally derived individuals allows
one largely to separate environmental from genetic
components of behaviors.

By conducting laboratory

experiments under carefully controlled environmental
conditions, one can assume variability in behaviors among
clonal lines are primarily attributed to genetic
differentiation among them.
The research described in this chapter investigates two
questions relating to oviposition behavior in the littoral
rotifer Euchlanis dilatata.

First, are there genetically-

based differences in rotifer egg-laying behavior?

I
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compared the pattern of egg deposition in the presence and
absence of an artificial substrate among 3 clones from
geographically isolated populations.
influence oviposition site selection?

Second, what factors
I determined whether

or not the presence of eggs and/or eggshells of clonemates
increase the probability that a given substrate is used as
an egg-laying site.

I also investigated whether rotifers

preferentially deposit their eggs on a particular plant
species or on agarose cubes containing their extracts.
Additionally, I monitored neonate hatching behavior because
it may also play a role in determining site recognition and
subsequent egg deposition preferences in adults.
Study organism
Euchlanis dilatata is a freshwater rotifer commonly
found in the littoral zone of nutrient-rich ponds and lakes.
This rotifer attaches its eggs directly to littoral
vegetation (Edmondson, 1960).

In laboratory mass cultures,

eggs tend to be laid in clumps (King, 1967), but this
behavior has not been quantified and variables potentially
affecting this behavior have not been studied.

E. dilatata

typically reproduces by cyclic parthenogenesis (King, 1967),
and under laboratory conditions can be maintained in the
asexual portion of the reproductive cycle.

Thus, individual

females isolated from natural populations can be used to
produce genetically identical clonal lineages (King & Snell,
1977) .
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In laboratory experiments, I used clones derived from
collections from three geographically isolated, natural
populations of E. dilatata (DL = Devils Lake, Lincoln City,
OR; QP = Quarry Pond, East Corvallis, OR; and SC = Soap
Creek Pond, North Corvallis, OR).

To minimize environmental

affects, I maintained animals in a temperature controlled
chamber (25°C) with a 16h:8h L:D photocycle.

I cultured

rotifers in Pourriot-Gilbert medium (Gilbert, 1968) at
Ph 7.5 and fed them Ch1amvdomonas reinhartii (Univ. Texas
Culture Collection #89) grown on Bristol's agar (Starr,
1978).

Unless stated otherwise, I maintained all clones

used in the trials described below under these conditions
for at least 10 generations prior to experimentation.
Materials and Methods
I.

Artificial substrates and egg deposition pattern,
i.

Nylon monofilament line.

I compared the pattern of egg deposition among the
clones in the presence or absence of an artificial substrate
(nylon monofilament line).

I placed individual,

reproductively mature females of each clone in 1-cm diameter
culture wells containing 1 ml of Millipore (0.45 pm)
filtered lake water.

I placed a 1-cm piece of 0.5-mm

diameter monofilament line in half of the wells.

I recorded

the pattern of egg deposition daily using a grid system (a
2-dimensional, 1 mm x 1 mm grid placed beneath the culture
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well) until death of each female.

I removed all neonates

before they reached reproductive maturity.
I conducted nearest-neighbor analyses (Vandermeer, 1981)
to determine whether eggs were laid randomly, clumped, or
superdispersed within culture wells.

For this test, an

index of aggregation (R) is calculated by measuring the
distance between individual eggs laid by a given female.
When R = 1 the egg distribution is considered random, when
R < 1 the distribution is clumped, and when R > 1 the
pattern is said to be superdispersed.

To determine whether

calculated R values differed significantly from 1, R values
for each individual were log transformed and means were
compared to 1 using a one-tailed t-test (a=0.05).
ii.

Monofilament line with or without
conspecific eggs attached.

To determine potential cues used in choosing an egg
deposition site, I gave females a choice between artificial
substrates with and without the eggs of clonemates attached.
I placed 60 ovigerous females of clone SC into each of 2
replicate glass culture dishes (5.0 cm diameter, 15 ml) each
containing six 1-cm pieces of monofilament line; three lines
contained 15-25 eggs each and three lacked eggs.

I recorded

the number of additional eggs deposited on each line after
12 h.

I used a One-Way Analysis of Variance (ANOVA, a=0.05)

to determine statistical significance of treatment effects.
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iii.

Monofilament line with conspecific eggs,
shells or neither attached.

I also conducted an experiment to ascertain whether or
not morphological cues (i.e., the shape of the eggs) or
potential cues from the eggs themselves are used in choosing
an egg deposition site by E. dilatata.

In this instance, I

gave animals the choice of laying eggs on blank
monofilament, one with eggshells of conspecifics attached or
one with intact eggs of conspecifics.

The procedure

described in experiment 2 was followed with these
modifications:
(1) To increase the total number of eggs laid and
thereby improving statistical analysis, I placed 150 instead
of 60 females of clone SC into the experimental culture
dishes, and,
(2) I included monofilament lines containing
approximately 80 eggshells along with those containing eggs
and blanks.
Because the membranes of subitaneous eggshells are
chitinous (Gilbert, 1983), and chitin is known to be
chemically inert, I included these lines to provide a
physical stimulus for egg deposition while minimizing
chemical cues that potentially arise from the developing
embryos themselves.

Statistical differences among

treatments were determined by ANOVA (a=0.05).
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II. Natural substrates and egg deposition pattern
i.

Aquatic macrophytes

To further investigate the role of substrate preference
in determining egg-laying site, I conducted two experiments
in which females were offered three macrophyte species with
which they co-occur as potential oviposition sites.

In the

first of these experiments, I isolated individual Euchlanis
dilatata from a mass collection of Mvriophvllum exalbescens
collected from Devils Lake.

I then placed 50 females into

each of 5 replicate 100 ml beakers containing 0.25 g (wet
weight) of Mvriophvllum exalbescens. Elodea canadensis. and
Ceratophv 1lum demersum in 50 ml of Millipore (0.45 /^m)
filtered lake water.

Before use, I thoroughly rinsed all

plants in filtered lake water and inspected them for eggs.
I used only plants without eggs or eggshells for
experimentation.
54 h later.

I inspected plants for eggs and eggshells

(Allowing animals to lay eggs for 54 h ensured

that enough eggs would be laid to conduct statistical
analyses, while avoiding the laying of eggs by two
generations of rotifers.)
In the second experiment in this series, I made the
following modifications:
(1)

all animals were derived from a single female

collected from Mvriophvllum.

I used clonally derived

individuals to minimize inter-individual variation in
oviposition site selection, and.
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(2)

half of the replicates contained animals grown in

the presence of Mvrioohvllum until the time of
experimentation (treatment a) and half contained animals
which had been removed from Mvriophvllum and cultured in the
absence of vegetation for 2 generations (treatment b).

I

maintained both lines under controlled laboratory conditions
until testing for oviposition site preferences.

I initiated

3 replicate beakers for each treatment.
I used a contingency table approach to determine whether
the observed distribution of eggs among plants within
beakers differed from that predicted under the assumption of
a random distribution.

First, I tested for homogeneity of

egg deposition among replicates of a given treatment
(Pearson

a=0.05, SYSTAT, Tables Module).

If there was

no reason to suspect heterogeneity (p>0.05), I next
statistically determined whether more than 50% of eggs were
laid on a particular macrophyte species using a binomial
normal approximation test (Zar, 1980).
ii.

Extracts from aquatic macrophytes.

I investigated the role of potential chemical cues
arising from the plants themselves in determining rotifer
egg deposition site by incorporating crude extracts from
each of the three macrophyte species into agarose cubes.
placed 0.25 g wet weight of each plant species (M.
exalbescens. E. canadensis. or Ç. demersum^ in 1 ml of
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distilled water and homogenized each with a glass tissue
grinder.

I filtered the plant extract through a 60 /xm Nitex

mesh, pipetted O.l ml of plant extract into a 10 ml
disposable petri dish, and added 2 ml of 3% LE agarose
(SeaChem, EMC)

at 38°C.

After swirling the solution and

allowing the agar to gel, I cut
"cubes."

0.5 cm x 0.5 cm x 0.1 cm

I placed approximately 25 rotifers from each clone

into 5-cm diameter dishes containing food (C. reinhardtiif,
Millipore (0.45 /im) filtered lake water, and 3 agar cubes
from each of 2 plant species.

I recorded the position of

each cube in the culture dish and, 24 h later, counted the
number of eggs on their surfaces.

I conducted three

separate experiments using 2 clones (T1 and D4) that were
originally collected in association with Mvriophvllum.

To

statistically analyze the results of each experiment, I
ranked cubes based on numbers of eggs found on each, and
assessed treatment effects using a Kruskal-Wallis nonparametric test (a=0.05).
III. Neonate Hatching Behavior
Egg aggregations can arise through a variety of
mechanisms including adult conditioning, larval conditioning
or genetic determination (Tabashnik et al., 1981).
Therefore, in addition to the analysis of adult behavior, I
compared neonate behaviors among the three clones to
determine whether any such behaviors may play a role in
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determining adult egg deposition patterns and preferences in
E. dilatata.

I placed 1-cm pieces of monofilament line into

mass cultures of clones DL, QP, and SC.

After eggs had been

deposited onto the monofilament line for 12 hours, I removed
the lines and placed them individually into small culture
wells.

I recorded the amount of time each neonate spent in

contact with the eggshell from which they hatched (and
nearby eggs), as well as observing their posture and
movements immediately after hatching.

Trials were

terminated after the neonate swam free of the monofilament
line or, in the case of clone DL, after 20 minutes.
Results
I.

Artificial substrates and egg deposition pattern
i.

Nylon monofilament line.

In two of the three clones tested (DL and QP), animals
laid their eggs in clumps in the presence of monofilament
line and randomly in the absence of the artificial substrate
(Table 1).

Females of the third clone, SC, deposited their

eggs randomly both in wells containing artificial substrates
and in those without them.

As demonstrated by the wide

range of R values (Table 1), behavior among individuals was
variable even within a clone.

This may indicate that

depositing eggs in clumps is not a behavior under tight
genetic control, but rather that environmental factors play
an important role in determining egg deposition site (i.e.,
animals tend to lay eggs on rough surfaces, scratches, and
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Table 1.

Egg-laying behavior in the presence and absence of

an artificial substrate (monofilament line) by clones of E.
dilatata.

R is the index of aggregation, where R = 1

indicates a random distribution, R < 1, clumped, and R > 1,
superdispersed,

n represents the number of individuals

tested from each clone.

The number of eggs laid per

individual varied between 3 and 7.

* indicates R is

significantly different from 1 (one-tailed t-test, p<0.05).

Artificial Substrate

Absent

Present
Clone

n

X(R)

Range(R)

0.09-0.95

13

1.10

0.31-4.75

0.45*

0.20-0.77

8

0.83

0.55-1.25

1.09

0.16-1.97

9

2.56

0.27-6.05

n

X(R)

DL

21

0.40*

QP

7

SC

28

Range(R)
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chips in culture dishes, or with other eggs, for reasons
having to do with the geometry of the
environment). However, for all clones the presence of an
artificial substrate elicited a stronger tendency for
rotifers to lay their eggs in clumps as seen by the
narrowing of the range of R values and the decrease in the
mean distance between nearest eggs (Table 1).
ii.

Monofilament lines with or without
conspecific eggs attached.

Animals laid significantly more eggs on those lines
containing eggs than lines without them (ANOVA, F-test,
p<0.001; Fig. 1).

In the first replicate, animals laid more

than 4 times as many eggs on lines containing eggs than on
those without.

Results were similar for the second

replicate, showing the same pattern even more clearly with a
18-fold difference between the treatments.

Clearly, the

presence conspecific eggs increases the likelihood of this
artificial substrate being used as an egg deposition site.
Further, the presence of eggs likely contributes to the nonrandom distribution of eggs observed in mass culture dishes
(King, 1967) and to the non-random patterns shown in
Table 1.
iii.

Monofilament lines with conspecific eggs,
shells or neither attached.

The number of eggs laid on monofilament depended on the
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Figure 1.

replicate 1

replicate 2

eggs

Egg deposition behavior of clone SC on replicate

artificial substrates with and without eggs of clonemates.
Bars represent the number of additional eggs laid per
monofilament.

The experiment was replicated twice, the

first set of bars represent data from the first run and the
second set, those from the second.

Significantly more eggs

were laid on lines containing eggs than those without eggs
(One-Way ANOVA, p<0.001).
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presence or absence of eggs and eggshells (ANOVA, F-test,
p<0.001).

More eggs were laid in the presence of intact

eggs of clone-mates (mean + SE: 57.5 + 2.5) than on either
monofilament containing eggshells (42.5 + 1.8) or blank
monofilament (1.5 + 0.50)(Student Newman-Keuls multiple
comparison test (SNK), p<0.05; Zar, 1980)(Fig. 2).

These

results indicate that both cues from both the developing
embryo and the eggshell influence egg deposition site
selection of adult E. dilatata.

Further, the presence of

intact eggs induces the strongest response from females.
The importance of potential chemical cues from the eggs
themselves as a stimulus for rotifer egg-laying site
preference is supported by limited preliminary data showing
that females deposit more eggs on agar cubes containing
homogenized eggs than on those without (Appendix 2).
II.

Natural substrates and egg deposition pattern
i.

Aquatic macrophytes.

Regardless of their past culturing history, rotifers
laid most of their eggs on Mvriophvllum when given a choice
among Mvriophv1lum. Elodea. and CeratophvHum (Table 2).
Rotifers taken directly from the field (Exp. 1, Table 2)
laid more than 50% of their eggs on Mvriophvllum (Normal
approximation Z test, p<0.05).

Rotifers that had been

cloned and removed from a natural setting for two
generations also deposited most of their eggs on
Mvriophv1lum compared to the other 2 macrophyte species
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Table 2.

Egg deposition site preferences of E. dilatata in

the presence of three naturally co-occurring macrophyte
species.

In Experiment 1, animals were tested directly

after isolation from the field.

In Experiment 2,

(a) animals were cultured in the presence of Mvrioohv1lum
for 2 generations before testing preferences, (b) animals
were cultured in the absence of Mvriophvllum for 2
generations before testing preferences.

Number of eggs (mean ± SE) laid on
Exp.
no.

Mvriophvllum

Elodea

1

46.4 ± 6.9

14.2 ± 2.0

10.6 ± 1.6

2 (a)

32.3 ± 4.7

9.3 ± 3.4

4.7 ± 0.9

(b)

31.0 ± 2.3

6.3 ± 3.0

5.7 ± 3.2

Ceratophv1lum
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shells
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Egg deposition behavior of individuals clone SC

on artificial substrates with eggs, with eggshells, or
without either.

Bars represent the number of additional

eggs laid per monofilament line.

Significantly more eggs

were laid on lines containing eggs than those with eggshells
(ANOVA, p<0.05; SNK, p<0.0S).

In addition, significantly

more eggs were deposited on lines containing eggshells than
blank lines (ANOVA; p<0.05; SNK, p<0.001).
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(Exp.2, Table 2).

This was true for animals cultured in the

presence of M v r i o p h v l l u m (Exp. 2a, Table 2) as well as for
those cultured in the absence of the plant (Exp. 2b, Table
2).

Rotifers that had been culture in isolation from

Mvriophvllum still laid an average of 70% of their eggs on
this plant species.

By culturing rotifers for two asexual

generations in the absence of vegetation, any residual
maternal effects should have been eliminated (King, personal
communication).

From these data, I infer that the

preference of Mvriophvllum has a strong genetic component.
ii.

Extracts from aquatic macrophytes.

In all trials, rotifers laid significantly more eggs on
agar cubes containing Mvriophvllum extract compared to those
made with extracts from the other macrophyte species
(Kruskal-Wallis test, p<0.05; Table 3).

It should be noted

that since there were only 3 replicates per treatment, a
single change in rank between categories results in non
significance.

However, in all 3 trials the proportion of

eggs laid on cubes containing Mvriophvllum extract
consistently received the three highest ranks indicating a
significant preference for egg deposition on these cubes.
III.

Neonate hatching behavior.

Neonate behavior was similar among individuals of clones
DL and QP.

Neonates from these clones slowly extended their

coronas, bent over, and then made coronal contact with their
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Table 3.

Proportion of eggs laid by E. dilatata clones on

agar cubes containing extracts of macrophytes. n = total
number of eggs laid in a given replicate, H = KruskalWallis test statistic.

Clone T1
Replicate

n

1

8

1.00

0.00

2

34

0.74

0.26

3

29

0.66

0.35

proportion of eggs laid on
Mvriophvllum extract
Elodea extract

*

H=4.23, p<0 .05

Clone D4
Replicate

n

1

84

1.00

0.00

2

91

0.66

0.34

3

66

0.95

0.05

H=4.23, p<0 .05

proportion of eggs laid on
Mvriophvllum extract
Elodea extract

*
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Clone D4
Replicate

n

1

96

1.00

0.00

2

69

0.91

0.09

3

107

0.85

0.15

H=4.23, p<0.05

proportion of eggs laid on
MvrioDhvllum extract
Ceratoohvllum extract

*
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eggshell and nearby eggs.

Each individual of clone DL

(n=10) remained in contact with the monofilament line for at
least 20 minutes.

Similarly, individuals for clone QP (n=8)

spent an average of 24.0 ± 11.7 (mean ± SE) minutes in the
immediate vicinity of their hatching sites.

In contrast,

clone SC (n = 12) spent very little time (1.0 + 0.8 minutes)
in contact with their eggshells or the monofilament line.
They typically extended their coronas and immediately swam
free of the lines.
Discussion
Oviposition behavior varied among the three clones of E.
dilatata tested.

Choice of egg deposition site was affected

by the presence of other eggs, eggshells, and substrate
type.

Individuals of some E. dilatata clones lay their eggs

in clumps in the presence of monofilament lines.

This

clumping pattern has also been observed in several other
monogonont species fMvtilina sp., Monostvla sp., Euchlanis
triouetra. Euchlanis calvoida. personal observation; Proales
decioiens. Noyes, 1922) and in one unidentified bdelloid
rotifer (personal observation).

Potential benefits of

laying eggs in clumps for rotifers (as well as other
animals) include exploitation of favorable physical
conditions for embryonic development and subsequent resource
usage by neonates, predator avoidance, and avoidance of
competition (reviewed by Stamp, 1980).

Aggregations can be

caused by non-homogeneity of the environment, or a
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genetically conditioned feature of behavior (Tabashnik et
al., 1981).

A clumped distribution of eggs may also have

consequences for the genetic structure of populations,
particularly if genotype-specific clumps are formed and
habitat preferences exist.

As noted, this type of behavior

may facilitate the maintenance of genetic polymorphism
within a population, subsequent differentiation among
subpopulations, and ultimately to sympatric spéciation
(Fogelman, 1979; Taylor, 1976; Taylor & Powell, 1978).
My results demonstrate that these clones lay their eggs
preferentially in the vicinity of other eggs and eggshells.
This is also supported by observation of egg aggregations in
laboratory mass cultures (King, 1967; personal observation).
In addition, E. dilatata chooses to deposit eggs on the
plant species from which it was collected and especially on
Mvriophvllum. its preferred host (see Chapter 2).

These

plant preferences have a genetic component because they
persist over 2 generations without chemical or physical
contact with any plant species.

Potential cues that may

elicit this behavioral preference may be released by the
plants themselves.

I found that rotifers isolated from

Mvriophvllum preferentially deposited their eggs on agar
cubes containing extracts of this species over those from
either Elodea or CeratophvHum (Table 3).

Choice of egg

deposition site on a particular plant species may also be a
function of the relative available surface area.

Unoccupied
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space appeared to be available on all plant species, however
I did not directly test this possibility or quantify surface
areas of plants used in these experiments.
I observed neonate hatching behavior to ascertain if
behaviors exist that might aid in future recognition of the
egg deposition site.

In 2 of the 3 clones tested, rotifers

appeared to be responding to chemical and/or mechanical cues
present at the site of hatching.

Neonates of the third

clone SC, spent very little time in the vicinity of
hatching, and therefore may not be responding to cues at the
natal site.

Interestingly, individuals of this clone also

do not lay their eggs in clusters (Table l).

The coronal

area of E. dilatata contains most of the sensory structures
of this animal (Stoszberg, 1932).

Neonates of clones DL and

QP maintained coronal contact with their eggshells and
nearby eggs for extended periods and did not appear to be
feeding during this time.

These behaviors are similar to

those observed in neonates of the sessile rotifers Ptvaura
beauchamoi (Wallace, 1975) and Collotheca oracilipes
(Wallace & Edmondson, 1986).

P. beauchamoi neonates begin a

series of characteristic movements upon encountering
substrate sites where they ultimately settle (Wallace,
1975).

Larvae of Collotheca oracilipes contact a surface,

pause for a few seconds with both the corona and foot
touching the substrate, then maintaining this position, move
slowly along the surface before undergoing metamorphosis and
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becoming permanently attached to the substrate (Wallace &
Edmondson, 1986).

These authors report that in the initial

minutes after hatching, Collotheca aracilipes neonates were
very active, bending and straightening rapidly in
succession.

It is interesting that neonatal rotifers of the

three species that have been described show such similar
behaviors.

Upon settling and metamorphosis, neonates of

sessile species have, in effect, pre-determined their
subsequent fitnesses.

Neonates of littoral rotifers

exhibiting the same suite of behaviors do not use
information gathered until much later in their life.

Thus

it may be integrated and modified in response to their
immediate environment, possibly allowing adults to alter
their behavior (i.e., upon which substrate to deposit their
eggs) and therefore, potentially their future fitness.
Further, there is variability in the expression of these
behaviors, at least in E. dilatata; neonates of clone SC did
not display these behaviors.

A genetic basis for this

behavioral difference is supported by the results of the
egg-laying pattern (see Table 1) as well as significant
differences in life history traits, body size, and embryonic
development time among these clones (Appendix 3).
I have demonstrated that both cues from conspecifics (in
the form of eggs and eggshells) and cues from aquatic
macrophytes influence egg deposition site patterns and
preferences in E. dilatata. Responses to these cues may
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result in habitat preferences.

The extent of these

preferences and a potential fitness consequence (habitatspecific predation susceptibility) of these behaviors are
explored more fully in the following chapter.
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Chapter 2
Substrate preferences and habitat-specific
predation susceptibilities
Abstract
Euchlanis dilatata attaches its eggs to the submerged
vegetation in the littoral zone of freshwater lakes and
ponds.

In field collections, I found E. dilatata most often

in association with the macrophyte Mvriophvllum exalbescens.
Laboratory experiments show that rotifers (with the
exception of 1 clone) deposit most of their eggs on this
macrophyte regardless of the plant species from which they
were originally isolated.

In addition, conditioning

rotifers on alternate plant species for two generations did
not alter their preference for Mvriophvllum as an egg
deposition site.

I assessed habitat-specific predation

susceptibilities for rotifers living in association with
aquatic macrophytes (M. exalbescens. Elodea canadensis, and
Ceratophv1lum demersumt and two predators (damselfly nymphs
- Enallaama carunculata: cnidarians - Hvdral.

Rotifer

survival was greatest on Mvriophvllum in the presence of
both predators.
complexity.

I also manipulated plant structural

As predicted, decreasing the relative

complexity of each plant resulted in lower rotifer survival.
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Introduction
The abilities of organisms to discriminate and select
suitable habitats may profoundly affect their fitnesses (for
insect examples see Rausher, 1983, Parsons, 1983, Futuyma &
Peterson, 1985, and Jaenike & Holt, 1991; marine intertidal
invertebrates see Byers, 1983; amphibians see Resetarits &
Wilbur, 1989, Nevo, 1973; mammals see Pulliam & Danielson,
1991; birds see Orians & Wittenberger, 1991).

Increased

fitness resulting from association with specific
microhabitats may arise in a variety of ways.

For many

aquatic invertebrate taxa, selected microhabitats may
provide: a rich nutrient source (aquatic insects; Soska,
1975), increased positive social interaction (serpulid
worms; De Silva, 1962), increased chance for sexual
reproduction (De Silva, 1962), or réfugia from predators
(Fairchild, 1981; Wellborn & Robinson, 1987; Main, 1987;
summarized by Wallace, 1977a and Rooke, 1986).
One of the principal effectors of habitat choice may be
predator-prey interactions.

Habitat choice may be

influenced by on going predator-prey interactions, as
Mittlebach (1986) has suggested, or the result of prior
selection in a way analogous to the "ghost of competition
past" (Resetarits & Wilbur, 1989).

Jeffries & Lawton (1984)

proposed that the distribution of prey organisms may be
based primarily on the availability of habitats lacking
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predators.

Most studies that have assessed the effect of

predation on freshwater invertebrate populations and
communities have focused on planktonic prey species (Brooks
& Dodson, 1965; O'Brien & Vinyard, 1978; Gilbert &
Williamson, 1978; Lynch, 1979; Zaret, 1980; Williamson,
1983; Sih, 1987; Stemberger & Gilbert, 1987; Dodson & Havel,
1988; Williamson et al., 1989).

These studies, and many

others relating to a wider range of taxa, have shown that
predation is a major force in determining morphology, life
history, behavior, and community structure of the prey
species.

Effects such as these may be even more pronounced

for prey species inhabiting the littoral zone of freshwater
lakes and ponds as compared to planktonic prey species.

The

structural complexity of the plant community of this zone
presents a wide variety of potential sites for egg
deposition (see again. Chapter 1) as well as potential
réfugia from predators.

The presence of vegetation should

decrease predation risk by increasing predator search and
pursuit times (Crowder & Cooper, 1982; Murdoch & Oaten,
1975; Gilinsky, 1984; Cook & Streams, 1984; Heck & Crowder,
1991).
One way in which prey behavior may increase predator
search and pursuit times is if prey associate with plants
that have fine, highly dissected leaf blades (Harrod, 1964;
Dvorak & Best, 1982; Heck & Crowder, 1991).

The increased

architectural complexity of these plants may offer
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invertebrates more protection from their predators.
Predation risk may also be reduced on this type of plant
because the plant cannot physically support heavy
macroinvertebrate predators (Cyr & Downing, 1988).
In this chapter, I have investigated associations of the
littoral rotifer Euchlanis dilatata with aquatic macrophytes
occurring in the littoral zone of Devils Lake.

I documented

field associations of rotifers with specific components of
the littoral vegetation, and conducted laboratory
experiments to examine oviposition site preferences.

In

addition, I examined how microhabitat associations and
structural complexity may affect relative susceptibilities
of E. dilatata to predation by damselfly nymphs (Enallaama
carcunculata) and Hvdra sp.
Materials and Methods
I. Substrate Associations
I documented the distribution and abundance of E.
dilatata associated with aquatic macrophytes at 3 sites
within Devils Lake, Oregon (Fig. 3).

Devils Lake is located

4 km east of Lincoln City on the Oregon Coast.

The lake is

approximately 4.8 km long (north-south axis) and averages
0.6 km wide.

It has an area of 274.4 ha and a maximum depth

of 6.7 m (average depth of 3 m).

Devils Lake is eutrophic

with abundant macrophytes and intense algal blooms.
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i.

Distribution of E. dilatata among the
littoral vegetation of Devils Lake.

Biweekly, I haphazardly (Moore & McCabe, 1989) collected
10 replicate samples of each of the 3 to 5 most abundant
aquatic macrophytes at each site.

I collected from Jan 31

to Dec 16, 1988, from Jan 8 through July 10, 1989 (then
monthly until Mar 30, 1990), and from Mar 30 to July 6,
1990.

I collected individual plants in situ by carefully

floating each plant and its surrounding water mass into a
Whirl-Pak bag (180 ml bags for smaller plants or 540 ml bags
for larger plants).

Within 12 h of collection, I

microscopically examined each plant and its associated water
for adults and eggs of E. dilatata. and then again after
24 h. (E. dilatata embryos take approximately 14 h to hatch
at room temperature, so any embryos missed during the first
inspection would hatch and be more readily detectable after
24 h.)

I also determined wet and dry weights of each plant.

I measured wet weights after rinsing each plant with cold
tap water for approximately 1 minute followed by
of gentle blotting with paper towels.

30 seconds

I then dried plants

in an oven at 60°C for 48 hours and recorded their weights.
During the third year, I estimated relative abundances of
aquatic macrophytes at Site 2 at the times of collection.
haphazardly collected 3 mass samples of the littoral
vegetation using a bottomless 10 L bucket.

I submerged the

bucket, collected all plant material contained within it,

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

I

48

and marked the water level.

I recorded the sample volume

(water and plant material), counted the number of each plant
species, and determined total wet and total dry weights for
each species.

I did not intend this sampling regime to be a

rigorous quantification of macrophyte abundances and
biomasses.

Because macrophytes are extremely patchy in

their distribution, accurately estimating these parameters
is both technically difficult and very time consuming
(Downing & Anderson, 1985).

I simply wanted an approximate

quantification to verifying my observations of the relative
availability of the dominant submerged plants to E. dilatata
inhabiting these sites in Devils Lake.
II. Laboratory substrate preference tests,
i.

Oviposition site selection.

I conducted laboratory oviposition site preference tests
to investigate whether E. dilatata lays its eggs randomly
among aquatic macrophytes.

The following experiments

represent an extension and elaboration of preliminary
experiments I conducted in Chapter 1 (Table 2).

In these

experiments I isolated, cloned, and maintained individual
female rotifers found on the following plant species;
Mvriophvllum exalbescens. Elodea canadensis. Ceratophvllum
demersum. and Mvriophvllum aauaticum (M. brasiliense). When
isolating clones, I did not specifically attempt to isolate
genetically distinct clones (see Appendix 1 for collection
dates and sites of clones).

However, to eliminate maternal
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effects that may potentially influence plant preferences, I
maintained clonal lines of E. dilatata under controlled
laboratory conditions (25°C, 16h;8h L:D photocycle) in the
absence of vegetation for at least 3 generations before
testing for oviposition site preference.

I conducted

preference tests using 3 to 4 rotifer clones isolated from
each of 3 plant species: M. exalbescens. E. canadensis, and

Ç. demersum. For each preference experiment, I added 50
rotifers to 6 replicate beakers, each containing 50 ml of
Millipore (0.45 fim) filtered lake water and 0.25 g wet
weight of each plant species.

As rotifers are added to each

replicate, they will encounter the last plant species added
to the chamber (top plant) first and may use the first
available substrate for egg deposition.

Therefore, in all

experiments, I added plants to beakers in complete
randomized block design.

This enabled me to test for

possible effects of plant order on the choice of egg
deposition site by rotifers.

I microscopically inspected

plants for rotifer eggs and eggshells after 54 h.

I chose

this time interval to ensure sufficient numbers of eggs
would be deposited for statistical analyses.

I also

conducted similar experiments using 2 clones isolated from
M. aauaticum. which was sporadically abundant in Devils
Lake.

For these comparisons, this species was used in place

of M. exalbescens in preference tests.
Since the data generated by this protocol are numeric
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counts (i.e., the number of eggs laid on each macrophyte
species), I used contingency analyses (SYSTAT, Tables
module) to determine statistical significance of variation
in egg deposition pattern within and between clones.

First,

I tested for homogeneity among replicates within a clone.
If there was no reason to suspect heterogeneity (Pearson x*,
p>0.05), I used a normal approximation test to determine
whether rotifers laid greater than 50% of their eggs on a
particular macrophyte (Zar, 1980).
significant differences among

If there were

replicates within a clone, I

collapsed the data set to test for the effect of the top
plant in an experimental replicate on subsequent egg
deposition pattern (Pearson
ii.

a=0.05).

Conditioning and oviposition site
selection.

If habitat preferences are genetically influenced, they
should persist from generation to generation.

If not, it

should be possible to induce animals to switch their
preferences after conditioning in the presence of other
plant species.
I used the following experimental design to determine
whether the preference for a given macrophyte persists in
rotifers reared on an alternate species.

First, I initiated

clones from each macrophyte, and cloned them.

Second, I

tested oviposition site preferences of individuals from
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three of these clonal lines using the protocol described in
Section i above.

Third, I cultured each clone on a

macrophyte other than the one from which it had been
isolated.

After at least 2 generations, and I again tested

for egg deposition site preference.

I statistically

analyzed the data using the procedures described in section
i above.
III.

Plant-animal associations and relative
predation risk,
i.

Habitat-specific predation risk.

I tested habitat-specific predation risk for rotifers in
the presence of 2 predators (nymphs of the damselfly
Enallaama carunculata and adults of the cnidarian Hydra) and
3 macrophytes (Mvriophvllum exalbescens. Ceratoohv1lum
demersum. and Elodea canadensis).

Both of these predators

are seasonally abundant in Devils Lake (personal
observation), and potentially feed on E. dilatata.
Damselfly nymphs are often abundant predators in littoral
communities (Macan, 1964).

They are ambush predators that

generally perch on littoral vegetation waiting for potential
prey (Corbet, 1980).

Because the ability of nymphs to

capture prey depends directly on the size of the labium
(Corbet, 1980), I measured the body length and head capsule
width of 23 damselfly nymphs (Enallaama carcunculata)
collected from the study sites at Devils Lake.
measured labium width of 16 of these nymphs.

I also
This allowed
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me to determine if these morphological characters were
correlated, and thus whether body length could be used to
predict labium size.

Hvdra are also ubiquitous littoral

predators (Schwartz et al., 1983), and they are, obviously,
tactile rather than visual predators.
Initially, I conducted preliminary experiments that
demonstrated the ability of both predators to significantly
decrease survival of E. dilatata.

To control predator

satiation level in these exploratory experiments, I held
nymphs and Hvdra in filtered (Whatman, No. 1) lake water for
24 h prior to experimentation.

I subsequently placed each

nymph in a 150 ml jar containing 25 ml of filtered lake
water and 25 rotifers.

I set up 15 replicate jars and

placed them in a temperature controlled chamber (25°C) .
recorded the number of rotifers surviving 14 h later.

I
For

Hvdra. I followed the same protocol but 5 Hvdra were added
to each replicate.

In addition, as a control, I initiated

15 replicates of 25 rotifers in filtered lake water and
monitored rotifer survival after 14 h.

I also assayed

susceptibility of rotifers to predation by dragonfly nymphs
and bryozoans; however, I found that neither of these
species fed on E. dilatata under these laboratory conditions
(see Appendix 4).
Next, I determined habitat-specific survival of E.
dilatata in laboratory trials by manipulating the presence
of a naturally occurring macrophyte species and a predator.
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To control satiation levels in the following experiments, I
withheld food from all predators for 24 h prior to
experimentation.

All trials were conducted in a temperature

controlled chamber at 25°C.

I recorded the number of

rotifers surviving 14 h later.

Rotifer embryos take

slightly over 14 h to develop at this temperature, so by
recording the number of survivors after this time period,
the number of prey available is not increased by hatching
neonates.

In experiments assessing predation by nymphs,

replicates consisted of 1 nymph, 25 adult rotifers, and
0.25 g wet weight of plant in 50 ml of filtered lake water.
For each experiment there were 15 experimental replicates
and 15 of each control.

Controls were jars with rotifers

only, rotifers plus a plant, and rotifers plus a predator.
Experimental replicates contained rotifers, a plant and a
predator.

Replicates containing nymphs that molted during

the experiment were excluded from the analysis because
animals do not actively feed during molting (Corbet, 1980).
In trials where Hvdra was the predator, I used only non
budding individuals.

Treatments and controls were the same

as those described above except replicates consisted of 1
predator, 25 prey, and 0.1 g wet weight of plant in 10 ml of
filtered lake water.
I analyzed treatment effects by One-Way Analysis of
Variance (a=0.05); when an F value was significant at the
0.05 level or less, differences in treatment means were
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compared using Student Newman-Keuls (SNK) multiple
comparison tests (a=0.05).
ii.

Habitat complexity and relative
predation risk.

The 3 dominant macrophytes varied in their relative
complexities; Mvriophvllum is the most complex having very
finely dissected leaves, followed by Ceratoohv1lum. and
Elodea. respectively.

Of course, there is considerable

variation in leaf density and placement among individual
plants within each species.

In any case, increased habitat

complexity most likely provides rotifers with more
opportunities for refuge from predators.

I artificially

manipulated the complexity of the 3 macrophytes to assess
effects of habitat complexity on relative susceptibility of
E. dilatata to predation by damselfly nymphs.

I used the

mean distance between leaf whorls as an index of plant
structural complexity.

For "more complex" treatments, I

used portions of the plants having a high density of whorls
and/or leaf blades (i.e., near the apical meristem).

I

decreased relative complexity was by using less dense
segments (E. canadensis and Ç. demersum) or removing leaves
(M. exalbescens).
the first,

I conducted two separate experiments.

I placed 25 rotifers in 50 ml of filtered lake

water containing 0.25 g wet weight of a plant from 1 of 4
treatments (E. canadensis-less complex; E. canadensis-more
complex; M. exalbescens-less complex; M. exalbescens-more
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complex), and 1 damselfly nymph.

Controls lacked predators.

I recorded the number of rotifers surviving 14 h.

I

followed the same protocol in the second experiment in which
I manipulated the structural complexity of M. exalbescens
and Ç. demersum.

I conducted a Two-Way ANOVA (@=0.05) to

analyze the results of each experiment (SYSTAT, MGLH
Module).
iii.

Damselfly nymph perching behavior.

As discussed by Jeffries & Lawton (1984), the
availability of enemy free space may help determine the
distribution of prey species.

Thus, rotifers may be present

on a certain macrophyte species because damselfly nymphs are
not.

I documented damselfly nymph perching behavior to

determine if behavioral preferences of nymphs may
potentially contribute to the observed distribution of E.
dilatata among aquatic macrophytes.

I

placed individual

nymphs (n=29) into test chambers containing 5 cm lengths of
M. exalbescens. E. canadensis, and Ç. demersum. and
documented the position of the nymph at various time
intervals.

I used Pearson

analyses to ascertain whether

the distribution of nymphs among the 3 macrophyte species
varied from random.
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Results
I.

Habitat associations.
i.

Field distribution.

Mvriophvllum exalbescens. Elodea canadensis. and
CeratoohvHum demersum are the most abundant plant species
in the littoral zone of the 3 study sites.
are introduced (non-native), weedy species.

These 3 plants
For all years

and locations, E. dilatata is most often found in
association with one macrophyte species, M. exalbescens
(Table 4).

E. dilatata was found on approximately 27% of

all plants surveyed over the 3 year period.

The likelihood

of finding E. dilatata on Mvriophvllum is more than twice
that for the other 2 species.

The mean number of E.

dilatata per gram wet weight of plant also was greatest on
M. exalbescens in all years (Table 5).

M. exalbescens was

the least abundant plant species at each of the 3 study
sites in terms of both numbers of plants present and
relative biomass (Table 6).

Overall, the abundance of M.

exalbescens was less than 1/2 that of the other 2 macrophyte
species.

And in terms of biomass based on dry weight, M.

exalbescens comprised only 1/8 of the total in the most
conservative estimate.
Figures 4 and 5 are representative of seasonal
abundances of E. dilatata and their distribution among the
three plant species.

The number of individuals of E.

dilatata was not consistently related to plant weight.
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Table 4.

Percentage of submerged plants assayed with one or

more individuals of E. dilatata in Devils Lake (Lincoln,
Co., OR).

1988

1989

1990

751
196
(26.1%)

468
135
(28.9%)

1988

1989

1990

Mvriophvllum exalbescens

50.0%

53.2%

60.7%

M. aauaticum

18.3%

23.5%

—

Ceratoohvllum demersum

13.5%

16.2%

14.6%

Elodea canadensis

11.1%

14.5%

13.1%

Total #plants surveyed
Total #Dlants w/E. dilatata

2280
638
(28.0%)
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Table 5.

Representative numbers of Euchlanis dilatata per

gram wet weight for plants sampled from Sites 1 and 2, for
dates shown in 1988.

#E. dilatata per gram wet weight
(mean + 95% C.I.)
Collection
date
(1988)

Site

Mvriophvllum

Elodea

March 28

1
2

2.5+1.1
1.4+2.1

0.0+———
0.4+0.4

0.1+0.2
0.1+0.1

April 10

1
2

6.8+7.8
8.6+13.7

0.3+0.4
0. 1±0.2

0.4+0.4
0.6+0.7

April 21

1
2

21.4+15.5
26.1±22.9

0.6+0.7
1.5+1.2

0.3+0.6
0.9+1.0

May 7

1
2

50.4+49.6
8.6+6.8

0.5+0.6
6.8+5.2

1.7+2.2
1.7+1.2

May 21

1
2

21.6+14.3
5.8±5.7

0 «0+-1.4+1.8

1.5+2.9
0.7+0.7

June 4

1
2

2.8+3.2
50.3±75.8

0.1+0.1
0.5+0.4

0.5+0.7
4.0+3.7

June 16'

1
2

1.4+0.8
3.1+3.4

0.0+0.0
0.0+0.1

0.0+——
0.0+0.0

July5'

1
2

4.5+4.5
1.9±1.8

0.2+0.3
0.5+0.1

0.0+———
0.0+—““

Ceratophvllum

'only two Mvriophvllum plants were present at Site 1 on
these dates.
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Table 6.

A) Relative abundance, and B) biomass of the three

most common macrophyte species (M=Mvr iophv1lum exalbescens.
E=Elodea canadensis. C=Ceratophvllum demersum. Other=plants
and plant matter besides M, Ç, or E) at Site 2, Devils Lake
on June 7, 1989.

A.

Abundance

Volume
Sample (L)

Total#
plants

#Mvr ioohv1lum
(% total)

#Elodea #Ceratoohvllum
(% total)
(% total)

1

5.5

332

24
(7)

243
(73)

65
(20)

2

12.3

209

27
(13)

123
(59)

59
(28)

3

11.3

354

84
(24)

128
(36)

142
(40)

55

30

Total Abundance
B.

15

Biomass

Sample

Total (g)
wet dry

M

Ç

Other

3.3
2.8

86.0
86.0

9.5
7.3

1.2
3.8

16.2

2.1
1.7

56.8
42.2

18.3
13.7

22.8
42.4

15.7

3.1
3.6

24.9
23.9

18.8
17.4

53.4
55.1

1

118.9

13.6

2

141.1

3

214.8

(%wet wt)
(%dry wt)

E
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Figure 4.

Absolute numbers of Euchlanis dllatata associated

with all sampled plants in 1988.
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Total
Myrîophyllum
Elodeo
Cerotophyllum

O'

30

3/28

4/10

4/21

5 /7

5/21

6 /4

6 /1 6

7 /5

Collection dote

Figure 5.

Distribution of £. dilatata eunong macrophyte

species sampled from 28 Mar to 5 July, 1988.
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There was a tendency for individual plants to contain either
high numbers of E. dilatata or to contain only 1 or no
animals (for an example, see Table 7).

This observed

pattern may arise in part by the non-random deposition of
eggs reported in Chapter 1.

The likelihood of an egg being

deposited on a particular substrate is significantly
increased by the presence of eggs of conspecifics.
II. Laboratory substrate preferences,
i.

Oviposition site selection.

With one exception, regardless of the plant species from
which the clone was originally collected, rotifers laid most
of their eggs on Mvriophv1lum than on other available
species (Table 8).
Rotifers derived from individuals collected in
association with M. exalbescens deposited more of their
eggs on this species than on either C. demersum or E.
canadensis.

Individuals from clones Ml, M2, and M3 laid

more than 50% of their eggs on Mvriophvllum regardless of
plant order within the test chamber (Z, p<0.05; Table 9).

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

63

Table 7.

Numbers of E. dilatata occurring on sampled

Mvriophvllum

exalbescens plants at Site 2 of Devils Lake on

April 21, 1988.

Plant #
1
2
3
4
5
6
7
8
9
10

#E. dilatata
74
32
0
0
0
60
20
6
1
1
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Table 8.

Oviposition site preferences of E. dilatata clones

among 3 aquatic macrophytes.

Mean number of eggs laid on

each plant species.

number of eggs (mean ± SE)
Clone

n

Mvrioohvllum

CeratODhvllum

Elodea

A. Clones Isolated from M. exalbescens
Ml

6

20.2+2.4

8.7±2.1

5.8+0.8

M2

6

25.5+1.9

6. 2±0.9

6.2+0.6

M3

6

32.2+4.1

11.0±1.5

7.5+0.7

M4

6

31.5+2.5

8. 0±2.0

5.0+1.4

B. Clones Isolated from E. canadensis

C.

D.

El

6

17.2+4.0

9.3+1.2

25.0+5.2

E2

5

24.4+7.5

20.8+2.8

12.8+3.4

E3

6

52.2+6.6

21.3+3.6

6.3+2.2

Isolated from C. demersum
Cl

6

19.3+ 3.1

6.7+3.0

2.2+1.1

C2

6

17.7+_3.7

15.8+2.8

5.6+0.8

C3

6

50.8+12.9

15.3+2.3

4.8+0.8

C4

6

40.2+ 4.8

11.2±1.0

8.2+1.6

Isolated from M. aouaticum'
A1

5

33.2+ 4.0

5.8+1.7

5.0+2.7

A2

6

17.7+2.2

1.3+0.3

2.0+0.6

*M. aquaticum was tested instead of M. exalbescens
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Table 9.

Summary of contingency table analyses on

oviposition site preferences by clones of E. dilatata.
Bonferonni adjusted a=0.004.

* indicates the largest p

value that is still statistically significant by Rice's
(1990) procedure.

Normal approximation, Zcrit,(2),0.0S —1.96.

Pearson

p value

replicate*
plant chosen

top plant*
plant chosen

Z

Ml

0.080*

0.093

2.3

M2

0.910

0.853

3.3

M3

0.199

0.103

4.1

M4

0.000

0.014*

5.0

El

0.000

0.000

na

E2

0.000

0.000

na

E3

0.000

0.003

na

Cl

0.000

0.034

na

C2

0.000

0.110

1.2

03

0.026

0.004

na

04

0.288

0.151

6.9

A1

0.001

0.001

na

A2

0.591

0.409

10.0

Clone
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Choice of egg laying site was affected by plant order for
individuals of clone M4 (x\, p<0.05; Table 9).

However,

when the number of eggs laid was collapsed by top plant,
this interaction was no longer significant.

Again, rotifers

of this clone deposited more than 50% of their eggs on
Mvriophvllum (Z, p<0.05; Table 9).
Individuals from 2 of the clonal lines (E2 and E3)
isolated from E. canadensis laid most of their eggs on M.
exalbescens (Table 8).

For these clones, the next preferred

oviposition site was Elodea.

Individuals of the third clone

(El) deposited slightly more of their eggs on Elodea than on
MvriophvHum.

Ç. demersum was the least used site for egg

deposition for clones derived from individuals collected on
Elodea.

However, in each cases there was a highly

significant effect of plant order within replicates on the
subsequent choice of egg deposition site, and this effect
could not be removed by collapsing the data set by top plant
(Table 9).
Individuals from 4 clones originally isolated from C.
demersum laid most eggs on Mvriophvllum than on either E.
canadensis and Ç. demersum (Table 8).

In addition, C.

demersum was preferred over E. canadensis as a site for egg
deposition.

Dependence on plant order was highly variable

among these clones.

The distribution of eggs laid by

individuals of clones C2 and C4 did not depend on plant
order, and in both cases, individuals laid more than 50% of
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their eggs on Mvriophvllum (Z, p<0.05; Table 9).

When

Bonferroni's adjusted a level is used to determine
statistical significance of these results, the top plant
effect can not be eliminated.

Individuals of the fourth

clone. Cl, also exhibit a strong top plant by plant chosen
interaction (x^, p<0.001; Table 9) .
Both clones isolated from M. aquaticum laid more eggs on
this plant species as compared to the other macrophyte
species (Table 8).

The relative preferences of Ç. d e m e r sum

and E. canadensis was not consistent between the 2 clones.
Choice of egg deposition site was highly dependent on plant
order for individuals of clone A1 (X2 , p<0.001; Table 9).
Individuals of clone A2 laid more than 50% of their eggs on
Mvriophvllum aquaticum (Z, p<0.05; Table 9).
ii.

Conditioning and oviposition
site selection.

I found that egg deposition site preference did not
change after 2 generations of conditioning on an alternative
substrate (Table 10).

Clone Cl was initiated from a female

collected in association with Ç. demersum.

In initial

preference tests, individuals of this clone preferentially
deposited their eggs on M. exalbescens over E. canadensis
and C. demersum.

Further, more eggs were deposited on

Ceratophv1lum demersum compared to

E. canadensis.

After

conditioning rotifers for two generations on M. exalbescens.
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Table 10.
clones.

Conditioning experiments were conducted on three
Clone Cl was conditioned on Mvriophv1lum. and

Clone C3 and stock MM on Elodea. MM were animals collected
from a mass vegetation sample of Mvriophvllum.

Oviposition site preference
s
t
O

C
k

M

BEFORE
C

Cl 19.3+ 3.1

number of eggs (mean ± SE)
AFTER
E
M
C

6.7+3.0

2.2+1.1

78.7+6.2

15.0+3.1 4.0+0.9

C3 50.8+12.9 15.3+2.3

4.8+0.8

81.3+7.4

12.3+1.3 9.5+0.7

MM 26.3+4.2

2.8+0.7

23.0+3.2

3.3+0.7 2.0+1.1

1.3+0.6
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the initial preferences were maintained, but the tendency of
rotifers to lay eggs on Mvriophvllum was stronger, as
indicated by the increase in the numbers of eggs laid on
this macrophyte species.

Before conditioning individuals

laid an average of 68% of their eggs on Mvriophyllum.
whereas rotifers laid 80.5% of their eggs on this species
following conditioning.

Clone C3 was also established from

an isolate collected on C. demersum.

After culturing in the

presence E. canadensis for 2 generations, animals still laid
most of their eggs on M. exalbescens. but the ratio of eggs
laid on Ç. demersum to E. canadensis diminished from 3.2 to
1.3.

For clones Cl and C3, it appears that there is

predisposition for these clones to deposit their eggs on
Mvriophvllum. followed by a preference for macrophyte with
which the rotifers were cultured.

These results are similar

to those I reported in the previous section (ii).

However,

clone MM did not follow this pattern, individuals continued
to lay most of their eggs on Mvriophvllum but there was a
slight decrease in the overall percentage of eggs laid on
this plant, as well as a decrease in the percentage of eggs
deposited on Elodea.

It should be noted that this stock is

not composed of clonally derived individually, but instead
is a mass culture of rotifers collected from a single
Mvriophvllum plant.

Thus differences in oviposition site

selection may reflect preferences of genetically distinct
individuals of which this culture is comprised.
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III.

Plant animal associations and relative
predation risk,
i.

Habitat-specific predation risk.

The results of the preliminary experiment demonstrated
that both damselfly nymphs and Hvdra successfully ingested
rotifers as prey (Fig. 6).

Damselfly nymphs reduced the

number of rotifers from 25 individuals per replicate to 8.5
+ 1.4 (mean + SE) individuals.

Hvdra decreased rotifer

survival to an average of 21.1 ± 1.0 individuals per
replicate.

Both predators significantly reduce the number

of rotifers surviving as compared to controls (ANOVA,
p<0.05; SNK, p<0.05).
As discussed earlier (see Methods), the ability of
damselfly nymphs to capture prey depends on labium size.
Pearson correlation analyses showed a high correlation
between nymph body length and head capsule width
(r=0.97) as well as a significant positive correlation
between head capsule width and labium width (r=0.94)
(Figures 7A, B).

Therefore, body length is an accurate

predictor of labium width.

Accordingly, I measured

damselfly nymph length of all damselfly nymphs used in the
following experiments.

Mean nymph length did not differ

significantly among treatments in any experiment (t-tests,
p>0.05, see discussion of results of each experiment).
I conducted 5 separate experiments examining relative
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predation risk for rotifers associated with different
macrophyte species.

In all cases, non-predator mediated

mortality of rotifers was low, with fewer than 10% dying.
In the first experiment, I assessed the relative
susceptibility of E. dilatata to predators in the presence
of Mvriophvllum for each predator.

Mean rotifer survival

was lowest in treatments containing a predator (either a
nymph (37%) or Hvdra (73%)) but without the plant.

The

additional presence of M. exalbescens significantly
increased rotifer survival in treatments with the predators
(to 47% and 84% for nymphs and Hvdra. respectively)(Table
llA, Figure 8).
The second and third experiments demonstrated that
rotifer survival is actually decreased when either C.
demersum or E. canadensis is present in addition to a
damselfly nymph predator (Table llB, Figures 9, 10).

While

determining the influence of Ceratophvllum on rotifer-nymph
interactions, I also investigated the whether nymph size
influenced their ability to capture rotifers as prey.

I

found no significant difference in the number of rotifers
eaten by nymphs averaging 1.14 cm in length and those
averaging 1.49 cm /Table IIB).

Nymphs of both mean body

lengths reduced rotifer survival to approximately 30%.

When

Ceratophvllum was also present, survival was further reduced
by 7%.

Similarly, the inclusion of Elodea with rotifers and

a nymph resulted in increased rotifer mortality compared to
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Table 11.

Survival of rotifers in the presence/absence of a

predator and an aquatic macrophyte. A. Mvr iophv1lum.
B. Ceratophvllum. C. Elodea. D. Mvriophvllum and Elodea.

A.
Predator

Treatment
A)

rotifersonly

damselfly nymphs

(n)

Hvdra

#rotifer surviving
(mean ± SE)
(n) (mean ± SE)

(15) 24.7 + 0.2

(15)

24.7 ± 0.1

B)
rotiferswith
predators

(15)

9.1 + 0.9

( 8)

18.0 ± 1.1

C)
rotiferswith
Mvriophvllum

(15)

24.2+0.2

(15)

24.9 ± 0.2

D) rotiferswith
Mvriophvllum
and predator

(15)

11.7 ± 1.0

(13)

20.7 ± 0.6

ANOVA, p<0.001, SNK:

= Mb 5^ Me

Md

Ma ~ Mb ^ Me ^ Md
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B.

Treatment

(n)

#rotifers surviving
(mean + SE)

damselfly length
(mean + SE)

A) rotifers only

(15)

24.6 + 0.2

----

B) rotifers with
Ceratophvllum

(15)

24.5 + 0.2

----

C) rotifers with
large nymphs

(14)

6.5 ± 1.4

1.49 ± 0.04

D) rotifers with
small nymphs

(15)

7.5 ± 0.9

1.14 ± 0.04

E) rotifers with
nymphs (small)
and Ceratophvllum

(14)

5.7 + 0.9

1.14+0.04

ANOVA, P<0.G01

SNK; Ma = Mb ^ Me = Md ^ Me

C.

Treatment

(n)

#rotifers surviving
(mean + SE)

damselfly length
(mean + SE)

A) rotifers only

(15)

24.5

B) rotifers with
Elodea

(15)

24.6 + 0.2

C) rotifers with
nymphs

(15)

12.5 + 0.9

1.34 ± 0.04

D) rotifers with (15)
nvmphs and Elodea

6.2 + 0.8

1.33 + 0.05

SNK: Ma = Mb =Mc = Md

t-test. p>0.05

ANOVA, p<0.001

0.2
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D.

Treatment (n)

/rotifers surviving
(mean ± SE)

damselfly length
(mean + SE)

A) rotifers only

(15)

24.9 ± 0.2

B) rotifers with
nymphs

(13)

14.1 ± 0.7

1.49 ± 0.03

C) rotifers with
nymphs and
Mvrioohvllum

(14)

20.0 ± 1.0

1.49 ± 0.03

D) rotifers with
nymphs and
Elodea

(15)

ANOVA, p<0.001

SNK: Ma ^ MB ^ Me ^ Md

9.7 ± 0.8

1.47 ± 0.04

t-test, p>0.05
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nymphs alone.

Nymphs in the absence of a plant reduced

rotifer survival to 51%, and when Elodea was present there
was an additional 25% reduction in rotifer survival (Table
IIC).

I confirmed these results by testing rotifer

survival in the presence of nymphs and M. exalbescens or
E. canadensis in a fourth experiment.

Again, mean rotifer

survival in the presence of M. exalbescens (80%) was greater
relative to survival in the presence of a predator alone
(57%), and decreased in the presence of E. canadensis (40%)
(Table IID, Figure 11).
In the fifth experiment in this series, I compared
rotifer survival in the presence of Hvdra and the 3
macrophyte species (Table 12, Figure 12).

In the absence of

vegetation, Hvdra fed very effectively on E. dilatata. the
mean number of individuals surviving was decreased by 50%
from control values.

The presence of vegetation

significantly increased rotifer survival.

An average of

59.6% of rotifers survived 14 h in presence of Hvdra and
Ceratophvllum; rotifer survival was the greatest on E.
canadensis (81.2%) and M. exalbescens (73.2%).

The survival

of E. dilatata did not differ significantly between
Mvriophvllum and Elodea (Table 12, SNK, p>0.05).
Clearly, these experiments show that habitat
associations can significantly affect rotifer survival but
habitat-specific survival varies for different predators.
In the presence of Hvdra. a predator with limited mobility.
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Table 12.

Rotifer survival in the presence of three aquatic

macrophytes and Hvdra.

Treatment

(n)

/rotifers surviving

(mean + SE)

rotifers only

(15)

24.3+0.2

rotifers with

Hvdra (12)

11.6+1.8

rotifers with Hvdra (15)
and Mvriophvllum

18.3+1.5

rotifers with
and Elodea

Hvdra (12)

20.3+0.8

rotifers with Hvdra (13)
and Ceratophv1lum

14.9+1.0

ANOVA, p<0.005; SNK p<0.005 for all means,
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control

nymph

nymph
plus

Elodeo

Figure 11.

nymph
plus

Mvriophvllum

The influence of Elodea and Mvriophvllum on

survival of £. dilatata in the presence of damselfly nymphs
(a repeat of experiments shown in Figures 8, 10).
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vegetation type did not influence rotifer survival to the
degree that was seen in the presence of damselfly nymphs
(highly mobile predators).
ii.

Habitat complexity and relative predation risk.

In the first experiment of this series, the distance
between leaf whorls was 0.3 cm in more complex treatments,
and 3-1 cm for less complex treatments.

All rotifers

survived in controls containing modified plants without
predators.

In controls containing rotifers only, one

individual died during the 14-hour period.

Both plant

species and complexity level had significant affects on
rotifer survival (Fig. 13, Table 13A, ANOVA, p<0.0D2).

The

interaction between these treatments was not significant
(p=0.77), and experimental treatment means were
significantly different (SNK, p<0.05).

As predicted,

rotifer survival was significantly greater in more complex
treatments compared to less complex treatments within a
plant species.

However regardless of complexity level,

rotifer survival was always greatest on M. exalbescens. A
mean of 82.8% of rotifers survived in Mvrioohv1lum morecomplex treatment, 50% of rotifers in Elodea more-complex
replicates, 67.6% of rotifers in Mvriophvllum less-complex
replicates, and 32% of rotifers in Elodea less-complex
replicates survived for 14 hours.
experiment were similar.

The results of the second

Again both macrophyte species and

relative complexity had significant affects on the number of
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Table 13.

The influence of habitat complexity in

determining rotifer survival when damselfly nymphs are
present.

A. Comparison of Elodea and Mvriophvllum.

B. Comparison of CeratophvHum and Mvriophvllum.

A.
rotifers
surviving
(mean ± SE)

damselfly
length (cm)
(mean + SE)

whorl
spacing(cm)
(mean + SE)

8.0 ± 1.0

1.1 ± 0.1

3.1 ± 0.3

Mvriophvllum (10) 16.9 + 1.4

1.1 ± 0.1

3.2 ± 0.2

Treatment

(n)

a. Less Complex
Elodea f6t

b. More Complex
Elodea (9)

12.5 ± 1.2

1.1 ± 0.1

0.3 ± 0.1

Mvriophvllum (9)

20.7 ± 1.1

1.2 ± 0.1

0.9 ± 0.1

Two-Way ANOVA
P
SNK

Species
>0.001
20.7

Complexity

Species*Complexity

0.002

0.770

16.9 ?! 12.5 ?! 8.0
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B.
rotifers
surviving
(mean ± SE)

damselfly
length (cm)
(mean + SE)

CeratoohV1lum (6) 15.5 ± 1.0

1.4 ± 1.0

2.2 ± 0.2

Mvriophvllum (9)

1.4 ± 0.04

4.2 ± 0.3

Ceratophvllum (7) 19.3 ± 1.2

1.3 ± 0.1

0.7 ± 0.02

Mvriophvllum (7)

1.4 ± 0.05

1.1 ± 0.04

Treatment

(n)

whorl
spacing (cm)
(mean ± SE)

a. Less Complex

16.0 ± 1.0

b. More Complex

Two-Way ANOVA
P
SNK

23.0 ± 0.7

Species
0.033

Complexity

Species*Complexity

>0. 001

0.098

23 ?! 19.3 ^ 16. 0 ?! 15.5
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rotifers surviving (Table 8B, Figure 12, ANOVA, p<0.05) and
all treatment means were statistically different from one
another (SNK, p>0.05).

Likewise, rotifer survival was

greatest in more complex treatments and survival decreased
as complexity decreased.
iii.

Damselfly perching behavior.

When offered macrophytes in constant proportions,
damselfly nymphs were found on E. canadensis in 40%, on Ç.
demersum in 26%, and on M. exalbescens in 20% of my
observations.

Pearson Chi-square analysis showed that the

distribution of damselfly nymphs was not random with respect
to macrophyte species (Table 14, p<0.05).

Table 14.

Distribution of damselfly nymphs among aquatic

macrophytes under laboratory conditions.

Number of observations
Total

Beaker

Elodea

300

41

122

Ceratoohv1lum

78

Myrioohvllum

59

= 48.4; xVos.3 = 7.8
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Discussion
Rice (1984) defines habitat preference as "any tendency
of an organism to become non-randomly associated with a
particular spatial and/or temporal part of an environment."
The use of term habitat selection implies that individuals
avoid areas of their environment in which they are least
fit, and congregate in areas where their fitnesses, the
result of behavioral preferences and selection, are greatest
(Parsons, 1983) .

Habitat preferences and selection have

been demonstrated in various invertebrate taxa including
numerous species of phytophagous insects (reviewed by
Futuyma & Peterson, 1985), a variety of both mobile and
sessile marine invertebrates (for examples, see Byers, 1983;
Doyle, 1976), and some sessile rotifers (Edmondson 1939,
1940, 1944, 1945; Wallace 1977a,b; Wallace, 1980; Butler,
1983; Wallace & Edmondson, 1986).

Here, I have demonstrated

that the littoral rotifer E. dilatata is found in close
association with the aquatic macrophyte Mvriophyllum
exalbescens. and that this association may arise at least
partially from the preferential deposition of eggs on this
plant.

I found that E. dilatata does not randomly lay its

eggs among aquatic macrophyte species in laboratory
experiments; eggs are deposited most often on M y r i o o h v l l u m
regardless of clonal origin.

These data support my field

observations of E. dilatata occurring most often in
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association with M. exalbescens (Table 4) and agree with the
results of my preliminary studies reported in Chapter 2.
Interestingly, in most cases for clones derived from plants
other than Mvriophvllum. the plant species from which that
particular clone was originally isolated ranked second in
preference tests.

This may indicate that the preference for

oviposition site may be secondarily influenced by the
immediate environment to which the animals where exposed, or
that rotifers exhibit hierarchies in their oviposition site
preferences such as those found in some butterfly species
(Wiklund, 1981; Thompson, 1988).
Edmondson (1939, 1940, 1944, 1945), Wallace (1977a,b;
1978; 1980), Butler (1983) and Wallace & Edmondson (1986)
have shown that some sessile rotifers form highly specific
associations with particular substrates.

Edmondson (1940,

1944) found that populations of the sessile rotifer Ptvcrura
beauchamoi. in any given habitat, are often restricted to
one plant species.

Wallace (1978) found that P. beauchamoi

collected from northern bog ponds are often associated with
the trap door region of large prey capturing organs of the
macrophyte Utricularia vulgaris.

Larvae of the sessile

rotifer Collotheca oracilioes show a strong preferences for
young leaf tips of U. vulgaris (Edmondson, 1939; 1944;
1945).

In a survey of a small pond in Washington, Wallace &

Edmondson (1986) found that C. oracilioes were almost
exclusively associated with Elodea but in laboratory
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experiments larvae preferentially settled on Lemna (which
was rare and restricted in the particular pond under study).
Information concerning plant-animal associations in nonsessile rotifer species is limited.

The lack of information

concerning littoral populations arises partly from the
nature of this region itself (Pejler, 1963; Wallace, 1977a).
The wide variety of organisms present and environmental
conditions make quantitative relationships between submerged
macrophytes and invertebrates difficult to ascertain (Soska,
1975).

In a broad geographic survey of waterbodies in south

and central Sweden, Pejler & Berzins (manuscript) found that
some bdelloid rotifers show patterns of preference and
avoidance for certain habitats.

In a similar survey of 350

lakes, 50 ponds, 20 pools, and 150 streams, Pejler & Berzins
(unpublished data) documented the distribution of E.
dilatata among 41 substrate types.

In lake habitats, they

found E. dilatata in 75% of Utricularia samples, 69% of
samples of the macrophyte Mvriophvllum y. p. soicatum and in
57% of M. alterniflora samples collected from lakes (see
Table 15).

This rotifer species was found on other

substrates at much lower frequencies.

Similarly, I found a

high degree of microhabitat specificity in E. dilatata
inhabiting Devils Lake.

In the 3 years I surveyed the

population, E. dilatata was found most frequently in samples
of Mvriophvllum. and only rarely in samples of other
macrophyte species (Table 5), despite the relative rarity of
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Table 15.

Survey of the occurrence of E. dilatata on

substrates in south and central Sweden (condensed from
Pejler & Berzins, personal communication).

occurrence of E. d. dilatata in % of samples
Rank

Lakes

1

Utricularia
(75)

Rheop1ankton
(100)

Draparnaldia
(33)

2

Mvriophvllum
v.o.spicatum
(69)

Sparaanium
(50)

Mvriophvllum
alterniflora
(29)

Fontinalis
(38)

Mvriophvllum
v.o.spicatum
(25)

3

Elodea
(60)

Ponds

Streams
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Mvriophvllum.
Based on the results of my laboratory experiments, I
suggest that patterns of microhabitat distribution in E.
dilatata may arise as a result of preferential deposition of
eggs on Mvriophvllum.

Except for 1 instance (clone El,

Table 8), animals of all clonal lines laid more eggs on
M. exalbescens than any other macrophyte species available
regardless of the macrophyte from which the original stem
female was collected.

Similarly, Wallace & Edmondson (1986)

found no larval loyalty in settling preferences of
Collotheca.

They collected larvae from adults that had been

attached to Ceratophvllum. Elodea. or Mvriophvllum.

In all

trials, larvae selectively settled on Elodea (p<0.001)
regardless of the plant species from which their parent was
collected.
How might these associations arise?

A potential

mechanism leading to microhabitat selection is larval
conditioning.

The role of larval conditioning in

determining adult egg deposition site has been studied
primarily in insect species that metamorphose (butterflies
and drosophilid flies).

In these species, the larval and

adult habitats vary significantly.

In addition, the larvae

tend to be less vagile than the adults and tend to remain
associated on the host on which they were deposited
(Parsons, 1983).

Rotifers, on the other hand, have direct

development and the neonates are free-swimming immediately
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after hatching.

As discussed in Chapter 1, neonates of 2

sessile rotifers fPtvaura beauchamoi and Collotheca
gracilipes) exhibit a series of characteristic movements
upon encountering substrate sites where before permanently
settling in a particular microhabitat (Wallace, 1977;
Wallace & Edmondson, 1986).

I observed similar behaviors in

neonates of E. dilatata (Chapter 1).

Whether these

movements and behaviors are seen in other species of
rotifers and their significance in determining future egg
deposition site preferences is unknown.

However, when I

subjected animals to 2 generations of conditioning in the
presence of plant species other than the macrophyte from
which they were collected, the primary egg deposition site
preferences of adults were not altered (see Table 10).

It

is notable that conditioning animals on a particular
macrophyte increased the tendency for animals to lay their
eggs on that species as compared to the number laid prior to
conditioning.

In certain insect species, oviposition

preference has been shown to vary under some experimental
conditions with adult exposure to host plant species
(Prokopy et al., 1982; Jaenike, 1983; Hoffman, 1985).
Another possible explanation is that rotifers may have some
hierarchial determination of oviposition site preferences,
laying their eggs on Mvriophyllum foremost, and then on
other species depending on environmental influences.
Hierarchial preferences in host species have been observed
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in butterflies.

For instance, in the swallowtail butterfly

Papilio machaon preferences are determined as a hierarchy
(Wiklund, 1981; Thompson, 1988a); ovipositing females will
continue down the hierarchy if the preferred plant species
is not available (Wiklund, 1981).
Wallace & Edmondson (1986) examined the role of calcium
ion concentration in determining the preference for a
particular plant species (Elodea) in the rotifer C.
qracilipes.

This study provides an example of a chemical

cue being used to establish a habitat association.

The

presence of various plant extracts (carbohydrate, lipid,
nucleic acid, or protein) did not affect larval settling
behavior.

However, settlement can be induced by alpha-

amylase, a Ca++ ion chelator.

These settlement patterns

were consistent with the natural distribution of

Ç. qracilipes on the abaxial surface of Elodea leaves where
Ca++ concentrations are significantly lower than on other
leaf surfaces.

Chemical cues are also important in

determining oviposition site selection in E. dilatata.
Animals also lay more eggs on agar cubes containing extracts
of Mvriophvllum incorporated into them than those containing
extracts from other macrophytes (Chapter 1, Table 3).
The high degree of substrate fidelity exhibited by
sessile rotifers may indicate substrate selection by the
young and implies an adaptive advantage in choice of the
particular substrate (Wallace, 1977a).

For instance.
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Wallace (1978) hypothesized that habitat selection occurred
as an anti-predator strategy for Ptvcrura beauchamoi
individuals located on Utricularia. predators are consumed
by the plant, whereas rotifers do not trigger the trap door.
In an extreme case, Wallace (1977b) reported that P.
beauchamoi larvae collected from certain populations died
rather than becoming attached to any substrate other than
their preferred one (Wallace, 1977b).

To investigate

ecological implications of settling site in Collotheca
qracilipes. Wallace & Edmondson (1986) conducted short-term
experiments monitoring growth and offspring production for
animals induced to settle on opposing leaf surfaces.

Both

of these life history characteristics were significantly
enhanced for animals that settled on abaxial surfaces.
I have found that microhabitat associations can affect
the fitness of E. dilatata through differential predation
risks.

Most studies of predation on rotifers have focused

on interactions of the predatory rotifer Asplanchna and its
planktonic prey (see for example, Moore & Gilbert 1987;
Stemberger & Gilbert, 1987; Starkweather & Walsh, 1987), and
interactions between rotifer prey and predatory copepods
(Gilbert & Williamson, 1980; Williamson, 1983).

Predator-

prey interactions among littoral rotifers have not
previously been explored.

In my laboratory experiments,

rotifer survival actually decreased when Elodea and
Ceratophvllum were present in addition to a damselfly nymph
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predator over that of a predator alone (Figures 9, 10).

In

this case, the presence of vegetation did not provide the
rotifer prey with additional refuge space but rather,
significantly increasing the predators' ability to forage on
rotifers.

This may be a function of damselfly foraging

behavior.

Damselfly nymphs are sit-and-wait predators that

perch on plants (Corbet, 1980).

E. canadensis and

Ç. demersum have wide distances between leaf whorls where
damselfly nymphs can easily perch.

Results of laboratory

observations reported in Table 14 indicate that nymphs were
found perching on these 2 species 67% of the observations.
In M. exalbescens. in which whorls are more closely spaced,
and the diameter of the main stem is smaller, more rotifers
survive in the presence of a nymph when the plant is present
than either when rotifers are present alone or when rotifers
and nymphs are together in the absence of aquatic
macrophytes (Fig. 8).

The combination of increased surface

area for refuge space and the lesser ability of damselfly
nymphs to perch on this species may act to increase rotifer
survival on this species relative to that on Elodea or
Ceratophvllum in Devils Lake.
Hvdra can significantly decrease rotifer survival
(Fig. 12).

The survival of E. dilatata in the presence of

Hvdra was not statistically different between replicates
containing Mvriophvllum than those with Elodea.

Survival

was significantly less for those rotifers cultured with
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Ceratophvllum and Hvdra (Fig. 12).

Since Hvdra are

relatively stationary predators, their ability to capture
prey may be dependent on their specific location on a
particular plant, or on the frequency they encounter a
rotifer, or both.

Thus, one might not expect to find

differences in habitat-specific predation rates in this
species.

In cladocerans, Schwartz et al. (1983) showed that

planktonic Daphnia were more susceptible to predation from
Hvdra than were individuals of the littoral Simocephalus.
In fact, Simocephalus did not elicit an attack.

In

addition, Hvdra can affect the outcome of competition
between laboratory populations of these two species, and
therefore may be important in determining community
structure (Schwartz & Hebert, 1989).

My results also

implicate Hvdra as a potentially important predator in
littoral habitats.
Rotifer survival in the presence of damselfly nymphs was
altered by artificially manipulating relative habitat
complexity (see Results).

For each plant species, as

complexity decreased so did rotifer survival.

This is not

surprising since it has long been known, both empirically
and theoretically, that habitat complexity can influence
predator-prey dynamics (Cause, 1934; Huffaker, 1958; Murdoch
& Oaten, 1975; Stenseth, 1980; Taylor 1984, Leber, 1985).
The effect of macrophyte structural complexity on prey
choice of habitat predator foraging efficiency is viewed as
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one of the key mechanisms that organize epifaunal
communities associated with seagrass meadows (Lewis, 1984).
Hacker & Steneck (1990) studied the effects of habitat
architecture on habitat selection in a benthic amphipod
(Gammarellus anoularis).

They found significantly higher

densities of amphipods in algae with branched and
filamentous morphologies than those with foliose and
leathery morphologies.

Krecker's model (1939) states that

the abundance of invertebrates per unit macrophyte biomass
varies with plant species and is higher on plants with
finely dissected leaves than on plants with broad leaves.
Cyr & Downing (1988) tested this model and found that more
epiphytic invertebrates were found on Mvriophvllum than on
other macrophyte species with less finely dissected leaves.
I found that the survival of individuals depended
significantly upon both plant species and relative
complexity (Figures 13, 14) . Rotifer survival was increased
18% by increasing complexity of Elodea. and 15% by
increasing the complexity of Ceratophvllum (Table 13A, B).
Similarly, rotifer survival decreased significantly when the
relative complexity of Mvriophvllum was decreased (by 15% in
experiment 1, and by 28% in experiment 2).
Euchlanis dilatata is found almost entirely in
association with the macrophyte Mvriophvllum exalbescens in
Devils Lake.

This association may, in part, occur as the

product of both egg-laying behaviors and relative predation
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risk.

E. dilatata lays its eggs non-randomly both in

response to the presence of eggs or eggshells of
conspecifics and to particular plant species.

This

association may be enhanced by the increased survival of
rotifers in the presence of predators on Mvriophvllum as
compared to other macrophytes species present in Devils
Lake.
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Chapter 3
Polyploidy and size variation in a natural population
of the rotifer Euchlanis dilatata*
Abstract
Observations of two seasonally distinct size classes
among individuals within a natural population of the rotifer
Euchlanis dilatata (along with several other ecological
patterns) led us to hypothesize that ploidy level
differences underlie size differences within this
population.

To test this hypothesis, we first demonstrate

that there are two statistically distinct morphotypes among
E. dilatata.

We maintained females from 3 clones of each

morphotype (large and small) under identical, controlled
laboratory conditions for >10 generations.

We measured body

size at 4 ages for 10 individuals of each clone.

Females of

the large morphotype were up to 1.5 times longer than those
of the small morphotype at a given age.

Second, we

determined chromosome numbers for each morphotype by
squashing embryonic nuclei and staining them with acetic-

* Portions of this chapter are currently in press in the
Journal of Evolutionary Biology (Walsh, E.J. and L. Zhang,
1991, Polyploidy and size variation in a natural population
of the rotifer Euchlanis dilatata). The research reported,
in part, represents a collaborative effort by myself and Lei
Zhang (Oregon State University).
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orcein.

Large morphotype females average 21 chromosomes,

small morphotype females 14.

Haploid males derived from

small morphotype females had 7 chromosomes without
exception.

Large morphotype females have never produced

males under our laboratory conditions, nor have males been
found in field samples.

We conclude that small morphotype

males are monoploid, small morphotype females are diploid
and large morphotype females are triploid.

Thus, ploidy

levels are accurately reflected in differences in female
body size.
Introduction
Polyploidy has been reported in many plant species and
in some animal species (reviewed by Lewis, 1980, and
Suomalainen et al., 1987, respectively).

A common

consequence of polyploidy in plants is increased size
(Lewis, 1980; Tal, 1980; Levin, 1983),

In animals, most of

the studies supporting this generalization are based on
comparisons of body sizes of individuals from allopatric
populations.

In this case, body size variation may also

reflect environmental differences to which populations of
different ploidy are adapted.

Very few comparisons of

sympatric diploid and polyploid individuals are available
either to support or counter this generalization.

In

Artemia parthenoaenetica. pentaploids are larger than
sympatric diploids (Wang, 1988).

However, in the unisexual

fish Poeciliopsis monacha-lucida triploids usually grow more
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slowly and have a smaller body size than sympatric diploids
(Schultz, 1982).
In rotifers, interpopulation variation in body size
among geographically or temporally separated populations may
have a genetic basis (King & Miracle, 1980; Yufera, 1982;
Serra & Miracle, 1983; Snell & Carrillo, 1984).

Morales

(1987) surveyed lakes in the Sierra Nevada, Spain, and found
considerable body size variation in Euchlanis dilatata among
the lakes.

Morales-Baquero (1988) quantified this variation

morphometrically for E. dilatata from 70 populations.

Mean

body lengths ranged from 177/xm in some lakes to 340 jum in
others.

Mean body widths ranged from 125 to 270 jLim.

He

concluded that interlake variation was a more important
determinant of body size than intra-lake factors and
hypothesized that these differences might have a genetic
basis.

The genetic basis underlying body size variation has

not previously been investigated in any rotifer.
One of us (EJW) noted substantial intrapopulational body
size variation in E. dilatata collected from Devils Lake
(Lincoln County, Oregon), with adult animals of two non
overlapping body sizes found during 12 months of intensive
sampling.

Animals with the larger body size were present in

collections throughout the year, while animals with the
smaller body size were present only during the late spring
and summer months.

We report here that differences in

ploidy can account for the size differential of co-occurring
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small and large morphotypes of this species.
Materials and methods
I.

Body size variation.

We collected large and small morphotype individuals of
the littoral rotifer Euchlanis dilatata from Devils Lake
(Lincoln County, OR) in 1989.

As is the apparent case for

most other monogonont rotifers, E. dilatata is generally
considered to be a cyclic parthenogen.

Diploid females

reproduce asexually by producing amictic (2N) daughters.
Asexual reproduction is interrupted by occasional periods of
sexual reproduction.
eggs are produced.
develop into males.

During sexual reproduction, haploid
If the eggs are not fertilized, they
If they are fertilized, they develop

into asexually reproducing diploid females after a resting
period (King, 1967).
We maintained rotifers in filtered lake water and fed
them a mixture of Chlamvdomonas reinhartii (UTEX #89) and
Eualena gracilis (UTEX #753).

All animals were cultured for

at least 10 generations in a temperature controlled chamber
at 25°C with a 16h:8h L:D photocycle.
For size determination, we chose 3 clones of each
morphotype based on date and site of collection.

Each small

morphotype clone was collected from a different site within
Devils Lake and in a different month.

Clones of the large

morphotype were collected from two different sites and were
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collected at least two weeks apart.

Clones were thus chosen

to increase the probability that they represent genetically
distinct lineages.

We isolated embryos from 3 clones of

each morphotype and collected neonates at 15 minute
intervals.

Neonates were separated and fed ad libitum. We

fixed animals in dilute Lugol's solution and determined
maximum lengths and widths with an ocular micrometer at
hatching and at 6, 12, 24, and 48 hours following hatching.
We compared size differences between animals of each
morphotype at each age interval using a One-Way ANOVA.
II.

Chromosome number.

In laboratory cultures, E. dilatata deposits its eggs on
the bottom of culture dishes as described in Chapter 1,
facilitating the collection of large numbers of developing
embryos.

We collected embryos from each morphotype and

placed them in Pourriot-Gilbert medium (Gilbert, 1968) with
a colchicine concentration of approximately 0.1% for 3
hours.
minutes.

We then fixed embryos with Carnoy's solution for 20
The fixed embryos were hydrolyzed in IN HCl at

35°C for 10 minutes, and were then rinsed in distilled water
for 3 minutes.

We stained hydrolyzed embryos with acetic-

orcein (1 g orcein in 100 ml 50% acetic acid, Robotti
(1975)) for a minimum of 30 minutes.

Next we transferred

embryos into 30% acetic acid for storage.

Later, we mounted

stained embryos on microscope slides and squashed them.
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Using this technique, chromosomes were stained dark red and
cytoplasm was stained light pink.

Our best results were

obtained by hydrolyzing embryos before staining with acetic
orcein.

Hydrolysis facilitated squashing since rotifer

embryos are small and have refractory nuclear membranes.
The time and temperature of hydrolysis are critical for
obtaining countable chromosomes; excessive hydrolysis
results in the total destruction of embryos.

We examined at

least 40 embryos of each morphotype, and determined the
chromosome number for 32 to 35 clearly stained and spread
amictic nuclei of each morphotype and for 19 haploid nuclei
of the small morphotype.

We have never observed males in

laboratory cultures or field collections of the large
morphotype.

Counts and photographs of chromosomes were made

at 1,000X.
Results
I.

Body size variation.

Individuals of the large morphotype were significantly
longer than those of the small morphotype at hatching and at
all subsequent time intervals (p<0.001, ANOVA; Fig. 15).
The body width of individuals at birth and at 48 hours of
age varied significantly between large morphotype
individuals and small morphotype individuals (p<0.001,
ANOVA). Figure 1 shows that growth rates also differ
between the morphotypes.

Representative ages of

reproductive maturity were 2.8 ± 0.08 days (mean ± SE) for
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Fig. 15.

Size comparisons of large and small morphotypes of

the rotifer Euchlanis dilatata.

Filled symbols represent

mean maximum lengths (± SE) of 3 small morphotype clones.
Open symbols represent mean maximum lengths (+ SE) of 3
clonal lines of the large morphotype.

Note: the SEs are

included within some data points.
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large morphotype individuals (clone Til) and 2.1 ± 0.05 days
for small morphotype individuals (clone D4).
II. Chromosome number.
The chromosome number of all male embryo nuclei (all
produced by small morphotype females) surveyed (n=19) was 7
(Fig. 16; Fig. 17C).

In small morph amictic embryos, the

modal observed chromosome number was 14 (24 out of 32
nuclei) with a range of 12 to 16 chromosomal elements
(Fig. 16; Fig. 17B).

For amictic embryos of the large

morphotype, the modal observed chromosome number was 21 (22
out of 35 nuclei) with a range of 19 to 24 chromosomal
elements (Fig. 16; Fig. 17C).

The variation in the number

of chromosomes observed may be explained by experimental
error, i.e., fragmentation during squashing or overlapping
of chromosomes.

These data indicate that males of the small

morphotype are monoploid, females of the small morphotype
are diploid, and those of the large morphotype are triploid.
Discussion
Here we report the occurrence of polyploidy in the
phylum Rotifera.

Our results clearly show that the large

morphotype is triploid and the small morphotype is diploid.
Polyploidy has been reported in many animal taxa, including
Daphnia (Beaton & Hebert, 1988), Artemia (Barigozzi, 1974),
insects (Suomalainen et al., 1987), amphibians (Bogart,
1980), and reptiles (Bickham, 1984).

Polyploidy apparently
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Distribution of chromosome numbers in nuclei from
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morphotype females, and large morphotype females.
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Fig. 17.

A. Chromosomes in the nucleus (metaphase) of a

small morph mictic embryo of E. dilatata. n = 7.
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Fig. 17.

B. Chromosomes in the nucleus (prophase) of a

small morph amictic embryo of E. dilatata. 2n=14.
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C. Chromosomes in the nucleus (prophase) of a

large morph embryo of E. dilatata. 3n = 21.
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plays an important role in enabling some populations to
occupy habitats (either spatially or temporally) that are
beyond the limits of their diploid progenitors (Levin,
1983) .
Polyploidy has not been previously reported in rotifers;'
however, endopolyploidy has been found in certain adult
tissues (i.e., the yolk gland nuclei of Asplanchna have
ploidy levels ranging from 36 to 300 ploid and the gastric
gland nuclei are 2 to 50 ploid) as determined by DNA
quantification (Jones & Gilbert, 1976a).

Recently, Fu et

al. (1990) suggested that some strains of (S-type)
Brachionus plicatilis also may be polyploid.

They found

unusual isozyme electrophoretic patterns that could best be
explained by assuming the strains were either triploids or
trisomie for some chromosomes.

Karyotyping showed that at

least one of these strains is a "hypotriploid” (33
chromosomes, where the diploid complement is 25)(Rumengan et
al., 1991a, b).

It is interesting that individuals of these

particular strains are significantly larger than the average
S-type individuals, as is the case for triploid E. dilatata.
The ploidy level found in nuclei of E. dilatata embryos of
the large morphotype is triploid; and neither diploid nor
tetraploid configurations were ever observed.

In addition,

in our study only newly laid eggs were used to determine
chromosome numbers.

Therefore, the chromosome number found

in the large morphotype (21) is unlikely to be a result of
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endopolyploidy.

Since rotifers have a haplo-diploid

reproductive cycle, polyploidy may have arisen by the fusion
of the nuclei from a 2N egg and a IN sperm.

Alternatively,

the fertilization of a IN egg by two IN sperm could also
result in a triploid individual.
In plants, genome size and cell size are positively
correlated (Cavalier-Smith, 1978).

It may be that polyploid

E. dilatata have larger body sizes due to increased cell
size and/or their larger genomes.

Since many rotifer

tissues are syncytial, we can not determine if cell size
contributes to body size variation observed in E. dilatata.
It may also be that diploid and triploid individuals have
different numbers of cells.
Male monogonont rotifers are often assumed to be
haploid.

This generalization has been primarily based on

chromosome counts (reviewed by Birky & Gilbert, 1971;
Robotti, 1975) and DNA quantification (Jones & Gilbert,
1976b) in only one genus, Asplanchna.

A recent preliminary

study by Rishi & Kamaljeet (1989a,b) suggests that nuclei
from male embryos in 2 species of rotifers in the Family
Flosculariidae are haploid but no direct evidence is
presented.

Our results confirm male haploidy in a second

genus, Euchlanis.

In haploid eggs, the chromosomes of some

nuclei are very large and the chromatin is stained very
faintly (Fig. 17A).

The cytological significance of these

observations is unknown.

One possible explanation of
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chromosome enlargement is that gene transcription was very
active during the particular stage of embryogenesis at which
the haploid eggs were fixed (for a similar example see
Roberts et al., 1967).
A unique feature of our system is that diploid and
triploid individuals occur sympatrically.

Most studies of

polyploid versus diploid individuals make comparisons among
different populations.

For example, polyploid populations

have been reported to be larger than conspecific diploid
populations of weevils (Suomalainen et al., 1987).

Size

differences between allopatric populations may reflect
environmental differences to which the populations were
adapted.

Comparisons of body size between sympatric

diploids and polyploids are rare.

In the unisexual fish P.

monacha-lucida. triploids are generally smaller than
sympatric diploids (Schultz, 1982).

In Artemia. pentaploids

have been found to be larger than diploids when compared at
any given age (Zhang, personal observation).

In our study

diploids reach reproductive maturity at an earlier age than
triploids, and when compared at each age, diploids are
smaller than triploids (Fig. 15).

These results are similar

to those reported for Artemia parthenoaenesis (Zhang,
personal observation) and Daphnia pulex (Weider, 1987).
Of particular note here (and see Chapter 4), polyploidy
has played an important role in enabling populations of
plants and animals to adapt to low temperature habitats
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(Levin, 1983, Suomalainen et al., 1987).

Morales-Baquero

(1988) found substantial body size variation among different
populations of E. dilatata. and a negative correlation
between body size and lake temperature.

Low temperature may

lengthen developmental time and therefore lead to a larger
body size.

Body size variation in rotifer populations

occurs in response to temperature effects (Halbach, 1970;
Pourriot, 1973; Eloranta, 1982; Hillbricht-Ilkowska, 1983;
Snell & Carrillo, 1984), nutritional effects (Pourriot,
1965; King, 1967; Pilarska, 1977; Scott and Baynes, 1978),
and genotypic differences among strains (Yufera, 1982; Serra
and Miracle, 1983; Snell and Carrillo, 1984).

Our data

suggest that ploidy level may be another important factor in
determining inter- and intra-populational variation of body
size and growth rate.
Triploidy may enable rotifers to survive in low
temperature habitats, and enabling them to occupy seasonal
habitats unavailable to smaller sized diploids.

In Daphnia

pulex the frequency of polyploid forms increases with
latitude (Beaton and Hebert, 1988).

Whether rotifer

populations exhibit this distributional trend is presently
unknown.

It is interesting to note that triploid

individuals of E. dilatata have (to this date) been found
only in Devils Lake, and occur there in the winter as well
as summer months.

This is the northern-most lake we have

sampled, and it is possible that sampling during colder
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seasons and in more northern habitats may result in the
detection of additional polyploid rotifer populations.

Life

history characteristics may be correlated with
distributional patterns, this possibility and some other
ecological implications of increased polyploidy levels for
populations of Euchlanis dilatata are explored in the
following chapter.
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Chapter 4
Ecological aspects of the biology of sympatric
diploid and triploid Euchlanis dilatata
Abstract
Conspecific diploid and triploid rotifers co-occur in
Devils Lake (Lincoln Co., OR).

Potential mechanisms

facilitating the coexistence of individuals of different
ploidy levels include: spatial or temporal habitat
segregation, life history differentiation and differential
responses in biotic interactions.

In field collections, I

found that both diploid and triploid individuals were most
often associated with the aquatic macrophyte Mvriophvllum
exalbescens.

Although diploid and triploid individuals did

not spatially segregate their habitat, their temporal
distributions varied.

I found diploid individuals only in

collections made during late spring and summer months, while
triploids were present in collections taken year round.
These distribution patterns were reflected in differences in
life history characteristics under various temperature
regimes.

Diploid clones produced significantly more young

and lived longer under high temperature regimes (25°C)
whereas triploid individuals survived longer at low
temperatures (16"C and 12°C).

In addition, diploid and

triploid individuals also differed in their relative

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

130

susceptibilities when exposed to two littoral predators
(damselfly nymphs and Hydra) in laboratory experiments.
Both predators were more effective in reducing the numbers
of the larger triploid rotifers.
Introduction
In plants, polyploidy is a common feature of chromosomal
evolution and provides a mechanism for rapid sympatric
spéciation (Stebbins, 1947; Lewis, 1980 and references
therein; Levin, 1983).

In fact, it has been estimated that

at least 30% of all plant species are polyploid (Stebbins,
1947; Roose & Gottlieb, 1976).

Polyploid plants have

different cytological, physiological, and life history
characteristics from their diploid progenitors (reviewed by
Levin, 1983).

These differences may enable polyploid plants

to colonize habitats unfavorable to their presumed diploid
ancestors.

Supporting this contention, polyploid plants are

generally found at the extremes of the species range both
altitudinally and latitudinally (Ehrendorfer, 1980; Sexon,
1980; Tal 1980; Bierzychudek, 1985; Suomalainen et al.,
1987).

Ecological comparisons have generally been made

between artificially produced polyploids and their diploid
progenitors or between individuals from allopatric polyploid
and diploid plant populations (Lewis, 1980).
While the effects of polyploidy and co-occurrence of
individuals of different ploidy levels are well documented
in plants (Lewis, 1980; Lumaret, 1988), comparatively little
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is known about polyploid animals. Polyploids are generally
found in asexual taxa (White, 1973; Bogart, 1980; Hebert,
1987a,b; Weider, 1987), a limitation hypothesized to be a
function of the inherent constraints imposed by meiosis
(White, 1973).

While animals as a group have not been

widely examined for ploidy condition, certainly polyploids
are found in both vertebrate and invertebrate taxa.

Many

species of amphibians and reptiles are polyploid (Bogart,
1980).

Research on polyploidy in amphibians thus far has

concentrated on determining the mechanistic origin of
polyploidy (i.e., cytological and hybridization events)
rather than on possible ecological divergence among
individuals of different ploidy level.

In fishes, Schultz

(1982) compared growth rate, fecundity, and resistance to
thermal stress in asexual diploid and triploid Poeciliopsis
that co-occur in streams in northwestern Mexico.

He found

that the success of the various biotypes varied markedly
both spatially and temporally.

Unfortunately,

interpretation of this system is confounded by the hybrid
origin of Poeciliopsis triploids; they contain genomes from
2 separate species.

Comparisons of ecological

characteristics between polyploid individuals with each
diploid ancestor varied in both magnitude and direction.
For example, fecundity of polyploid individuals is not
statistically different from that of one diploid parental
species but is much reduced when compared to the other
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diploid contributor (Schultz, 1982).
In a symposium on polyploidy, Lokki & Saura (1980)
summarized the distribution patterns of polyploid insect
populations.

These authors emphasized the lack of knowledge

concerning ecological interactions between sympatric
individuals of different ploidy levels within this taxon.
For invertebrate taxa other than insects, information
regarding ecological interactions between naturally co
occurring diploid and polyploid conspecifics is exceedingly
rare.

Christensen (1980) found major differences in habitat

usage among Lumbricillus worms of different ploidy levels
(3n, 4n, 5n) along a shore gradient of the North Sea
intertidal zone.

However, diploid worms were not present in

the habitat surveyed, so comparisons between the assumed
diploid progenitor and individuals of different ploidy
levels could not be made.

Similarly, Christensen (1979)

found microhabitat differentiation among polyploid isopod
individuals but did not include diploid representatives for
comparison.
Zhang and Lefcort (1991) found that pentaploid and
diploid clones of Artemia parthenoaenetica differ in their
preferred thermal optima and suggest this may play a role in
determining the allopatric geographic distributions of
diploid and polyploid populations.

Zhang (1989) found

significant differences in life history characteristics
among pentaploid and diploid Artemia as well.

In
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populations of the cladoceran Daphnia pulex, polyploid and
diploid populations occur in ponds at the same latitude, but
the frequency of polyploid populations increase with
increasing latitude (Hebert, 1987a; Weider 1987; Beaton &
Hebert, 1988).

Weider (1987) conducted life history

analyses of 2 diploid and 7 polyploid D. pulex clones.

He

found that polyploid clones reached reproductive maturity
later, matured at a larger body size, and producer fewer and
smaller offspring when compared to diploid clones.

However,

in both Zhang's (1989) and Weider's (1987) studies it is
unclear whether these clones occurred within the same
spatiotemporal population.

If not, differences in life

history characteristics may reflect adaptation to different
habitats rather than differences attributable of ploidy
level variation.

It is evident that little is known about

ecological interactions between naturally co-occurring
diploid and polyploid conspecifics, and that information of
this nature is critical to understanding the significance
polyploidy plays in the adaptation, evolution, and
spéciation of animal populations.
In the rotifer Euchlanis dilatata. diploids and
triploids are found sympatrically in Devils Lake, Oregon
(Chapter 3; Walsh & Zhang, 1991).

Here, I document the

spatial and temporal distribution of individuals of each
ploidy level, conduct laboratory microhabitat selection
experiments, assess life history characteristics under three
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thermal regimes, and determine relative predation risks for
rotifers of each ploidy level in the presence of two
predators.
Materials and Methods
I.

Spatial and temporal distribution of diploids
and triploids in a natural population.

One means by which conspecific organisms of different
ploidy level may coexist is to segregate among
microhabitats.

To test the hypothesis that microhabitat

differentiation may facilitate the coexistence of diploid
and polyploid individuals of E. dilatata in Devils Lake, I
monitored the temporal and spatial distribution of animals
of each ploidy level for at 2 sites 2 years.

In 1989, I

sampled biweekly from Jan 8 through July 10 and then monthly
until March 30, 1990.

After this date, I resumed biweekly

sampling and continued until July 6, 1990.

On each sampling

date, I collected 10 individuals of the 3 most common
littoral macrophytes (Elodea canadensis. Ceratophv1lum
demersum. and Mvriophvllum exalbescens) and microscopically
them examined them for adults and eggs of E. dilatata (see
Chapter 2 for detailed methods).

in 1989 I did not record

the actual numbers of individuals each ploidy level; rather,
I noted the existence of two distinct adult body size
classes within the population (see Chapter 3) and documented
the presence or absence of each morphotype in each
collection.

At this time, the genetic difference (i.e..
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ploidy level) between individuals of the two size classes
was unknown.

In 1990, after establishing that differences

in ploidy level corresponded to observed differences in
adult size classes (Chapter 3; Walsh & Zhang, 1991), I
recorded the numbers of rotifers and their ploidy level
occurring on each plant.

Juveniles of the large morphotype

were distinguished from adults of the small morphotype by
the absence of a developing egg in the pseudocoel.

I also

recorded the wet and dry weights of all plants inspected.
On several occasions in 1990, I measured maximum body
lengths and widths of reproductively mature individuals of
each ploidy level immediately after isolating them from
field collections.

Body size measurements of 3

representative clones of each ploidy level (after >9 months
of culturing under identical laboratory conditions) are
shown in Fig. 15 (Chapter 3).
II.

Laboratory oviposition site preference.

A behavior that may lead to microhabitat differentiation
is oviposition site selection (see Chapter 2).

I conducted

laboratory substrate preference tests to determine whether
diploid and triploid individuals have similar egg deposition
site preferences or not.

I cloned individuals of each

ploidy level isolated from field collections and maintained
them in Millipore filtered (0.45 jum) lake water under
controlled laboratory conditions (25°C; I6h:8h L:D
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photocycle).

After a minimum of two generations of

laboratory culture, I used the protocol described in Chapter
2 to determine whether animals of different ploidy levels
deposited their eggs differentially among the 3 macrophytes
species.

Briefly, I placed 50 to 55 animals into 100 ml

beakers containing 0.25 g wet weight of each of the three
plant species in 50 ml of filtered lake water.

I randomized

the order in which I added plants to each beaker to test for
the possibility that animals simply lay their eggs on the
first plant encountered.

I recorded the number of eggs and

eggshells present on each plant 54 h later.

I tested

preferences of 4 diploid and 9 triploid clones.

Statistical

procedures are described in Chapter 2.
III.

Life history characteristics.

Polyploid plants and animals studied thus far differ
substantially in their physiological characteristics.

The

observed variation in the seasonal distribution of E.
dilatata diploid and triploid individuals (see Chapter 3;
Walsh & Zhang, 1991) indicates that rotifers have different
temperature ranges in which they are able to survive and
reproduce.

I evaluated life histories of triploid and

diploid individuals at 12”C and 25°C.

I cultured all animals

under identical laboratory conditions (25®C, 16h:8h L:D
photocycle) for at least 9 months before conducting
lifetable analyses.

I conducted two separate experiments.
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in each I compared 1 diploid and 1 triploid clone.

Clones

D1 and TIO were compared in the first analysis, and clones
D4 and TIO in the second (see Chapter 1, Appendix 1 for
dates and locations of clonal origin).

I initiated 3

cohorts of approximately 15 neonates (mean age of 2 h) for
each clone.

I placed individual neonates into 1.0 ml

culture dishes containing 5 X 10® cells/ml Chlamydomonas
reinhardtii (UTEX, #89) in 1 ml of Millipore (0.45 nm)
filtered lake water.

I conducted the experiments in a

temperature controlled incubator with a 16h:8h L:D
photocycle.

For each female, I recorded survival and the

number of eggs produced.

I recorded these data at 12 h

intervals for clones tested at 25“C, and at 24 h intervals
for those tested at 12°C.

I transferred all animals into

fresh food-containing medium daily.

Each experiment

continued until the death of the last individual.

I

analyzed lifetable statistics using a computer program
provided by C.E. King (Oregon State Univ.) based on the
calculations of Birch (1948).

I compared differences in

life history parameters between animals of different ploidy
levels using a One-Way ANOVA (a=0.05).
I also acclimated a clone of each ploidy level (D4 and
Til) to 16°C for one month, and then conducted lifetable
analyses as described above.
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IV.

Relative predation susceptibility.

The seasonal shift in predominance from triploid
individuals to smaller diploid individuals occurs at
approximately the same time invertebrate predators begin to
increase in number and in activity level (personal
observation).

Because triploid individuals are 1.5 times

larger than diploid individuals (see Chapter 3; Walsh &
Zhang, 1991), it may be that diploid and triploid
individuals have different susceptibilities to invertebrate
predators.
Two common invertebrate predators found in the littoral
zone of freshwater lakes are damselfly nymphs and Hvdra.
Both of these predators are common in Devils Lake (see
Chapter 3).

Damselfly nymphs are size-selective predators

(Corbet, 1980) while Hvdra reportedly are not (Schwartz &
Hebert, 1989).

I hypothesized that triploids would have a

higher relative predation risk from damselfly nymphs than
would diploids, and that relative predation rates between
individuals of different ploidy levels would be similar when
exposed to Hvdra.
I collected damselfly nymphs fEnallaoma carunculata) and
Hvdra sp. from mass vegetation samples taken from Devils
Lake.

To control predator satiation levels, I withheld food

from all predators for 24 h prior to testing.
For experiments assessing rotifer susceptibility to
predation by damselfly nymphs, I placed 25 adult rotifers of
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known ploidy level into 25 ml of Millipore (0.45 pm)
filtered lake water and added 1 damselfly nymph to each test
chamber (75 ml glass jar).

I recorded maximum body lengths

of all nymphs used as predators (see Chapter 2, Figure 7A,
B).

I conducted experiments in a 25°C environmental chamber

for 14 h (6h:8h L:D photocycle).

I recorded the numbers of

rotifers surviving, ingested, and corpses present.

I

conducted experiments with each predator with rotifers of a
given ploidy level.
treatment;

I set up 15 replicates of each

diploid rotifers, triploid rotifers, diploid

rotifers and a predator, and triploid rotifers and a
predator.

Next, I determined whether predators selectively

fed on triploid versus diploid rotifers when both were
present in equal numbers.

I placed 12 individuals from a

triploid clone and 12 individuals from a diploid clone into
each of 15 test chambers, and then added a predator to each.
Controls consisted of 12 individuals of each ploidy level.
I determined statistical significance of treatments by ANOVA
(a=0.05).
For experiments with Hvdra as the predator, I followed
the same protocol except I placed animals in 1 ml of
Millipore (0.45 /xm) filtered lake water in 2-ml Falcon
tissue culture wells.
predators.

I used only non-budding Hvdra as

In this experiment, I monitored rotifer survival

after 5 hours and, then again, after 14 hours.

Because I

omitted one control (rotifer of mixed ploidy in the absence
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of Hvdra) from the experimental design, I compared
differences in mean survival between individuals of
different ploidy levels using a series of non-parametric
Mann-Whitney U tests, (Zar, 1980).

When multiple tests such

as this are conducted, the probability of detecting
significance increases and should be corrected for.

I

calculated adjusted a levels using Bonferroni's correction
and another recommended by Rice (1990).
Results
I. Spatial and temporal distribution of diploid and
triploid E. dilatata.
I found triploid individuals in plant collections taken
throughout the year at both sites in Devils Lake.

Figure 18

shows the abundances of diploids and triploids from April to
July 1990 at Site 2.

As I recorded only presence/absence

data for diploids in 1989, I have marked their first and
last occurrences with arrows in Figure 18.

In both years,

from January to mid-April, I found triploids in extremely
low numbers (1 individual per occupied plant).

In 1989,

triploid population levels peaked in late April with a
maximum of 58 individuals collected on a single Mvriophvllum
plant, and then the triploid component of the population
steadily decrease through the summer and fall but persisted
throughout the fall and winter.

Diploid individuals did not

appear until late May, reaching maximum numbers (>200
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Temporal distribution of diploid and triploid £.

dilatata at Site 2 in Devils Lake, Oregon.

Data for winter

months are not shown.
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individuals on a single plant) in mid-June and then were
undetectable by late July until April of the following year.
In 1990, the number of triploid individuals in the
population reached a maximum in late May, Fig. 18.

I have

never observed diploid individuals in winter or early spring
collections.
In 1990, animals of both ploidy levels were detected on
the same plant on several occasions (Appendix 5).

Maximum

body lengths and widths of adult individuals of each ploidy
level differed significantly (t-test, p<0.005), triploid
individuals were 259 + 1.8 jum (mean + SE) and diploids were
209 + 2 . 1 im.

This difference (25%) is not as dramatic as

those reported in Chapter 3 (see Fig. 15), indicating that
size differences among individuals of different ploidy
levels may be accentuated under laboratory conditions.
I found individuals of both ploidy levels primarily in
association with the macrophyte Mvriophvllum exalbescens
(Table 16).

I found diploid individuals on 70% of all

Mvriophvllum plants examined, and on 83.5% of occupied
Mvriophvllum.

Triploid individuals were present on 74% and

69%, respectively (Table 17).

I found rotifers occurring in

samples of the other two species when Mvriophvllum was not
present or when Mvriophvllum plants were 100% occupied
(Table 17).
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Table 16.

Distribution of diploid and triploid E. dilatata

among aquatic macrophytes at Site 2 Devils Lake, Oregon,
1990. M - Mvriophvllum. E - Elodea. and C - Ceratophvllum.

% of plants with
(95 % C.I.)
diploid E. dilatata

triploid E. dilatata

M

E

C

M

E

C

70.0
(±23.3)

10.0
(±14.3)

11.7
(±18.8)

74.5
(±24.9)

20.9
(±20.4)

26.4
(±24.2)

% of occupied plants with
(95% C.I.)
diploid E. dilatata
M

E

83.5
(±17.2)

8.6
(±9.5)

C
8.0
(±11.5)

triploid E. dilatata
M

E

C

69.4
(±20.4)

12.4
(±10.2)

17.0
(±11.5)
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Table 17.

Distribution of diploid and triploid E. dilatata

when Mvriophvllum is A) <100% occupied, and B) 100%
occupied, where a plant containing at least one E. dilatata
is considered as occupied.

Distribution of E. dilatata among macrophytes when:
A)

Mvriophvllum is <100% occupied
%plants occupied by
diploid E. dilatata
Elodea
10.0

B)

Ceratophvllum

triploid E. dilatata
Elodea

14.0

12.5

Ceratophvllum
20.0

Myriophvllum is 100% occupied
%plants occupied by
diploid E. dilatata
Elodea
10.0

triploid E. dilatata

Ceratophy1lum

Elodea

0.0

38.0

Ceratophv1lum
36.0
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II.

Laboratory oviposition site preference.

Regardless of ploidy level, most clones tested deposited
more of their eggs on Mvrioohv1lum than on the other two
species (Table 18).

However, clones of both ploidy levels

were variable in their response to the order of plants
within replicates.
III.

Life history characteristics.

Neither diploid nor triploid individuals were able to
reproduce at 12°C, and their lifespans were significantly
truncated as compared to 25°C (Tables 19, 20).

However,

triploid individuals lived significantly longer at low
temperature than did diploid individuals (ANOVA, p<D.D01).
It should also be noted that animals had been cultured at
25®C for many generations prior to life table analyses and
were not acclimated to low temperature.
Under the high temperature regime, mean lifespan and
mean life expectancy were not dependent upon ploidy level
(ANOVA, p>0.05; Table 20).

Net fecundity per female (R„),

and therefore necessarily, the intrinsic rate of increase
(r), differed significantly with ploidy level (ANOVA,
p<0.05; Table 20).

Diploid individuals produced an average

of 4 times as many offspring and had much higher rates of
population increase than did triploids.
For clones acclimated to 16°C, only data for the
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Table 18.

Oviposition site preferences of E. dilatata among

aquatic macrophytes.

Data are derived from Table 7.

number of eggs (mean + SE)
Clone

Mvriophvllum

Ceratophvllum

Elodea

A. Diploid
D1(M2)

25.5+1.9

6.2+0.9

6.2+0.6

D2(M3)

32.2+4.1

11.0+1.5

7.5+0.7

D3(M4)

31.5+2.5

8.0+2.0

5.0+1.4

D4(Al)

33.2+4.0

5.8+1.7

5.0+2.7

Tl(Ml)

20.2+2.4

8.7+2.1

5.8+0.8

T2(E1)

17.2±4.0

9.3±1.2

25.0+5.2

T3(E2)

24.4+7.5

20.8+2,8

12 =8+3.4

T4(E3)

52.2+6.6

21.3+3.6

6.3+2.2

T5(C1)

19.3+3.1

6.7+3.0

2.2+1.1

T6(C2)

17.7+3.7

15.8+2.8

5.6+0.8

T7(C3)

50.8+12.9

15.3+2.3

4.8+0.8

T8(C4)

40.2+4.8

11.2+1.0

8.2+1.6

T 9 (A2)

17.7+2.2

1.3+0.3

2.0+0.6

B. Triploid
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Table 19.

Lifetable analyses for a diploid (clone Dl) and a

triploid (clone TIO) clone of £. dilatata at 12“C.

e%: life

expectancy (in days); 1,; age-specific survivorship (in
days).

p values for the ANOVA F-statistic are given for

comparisons of traits between clones.

Ploidy level
Diploid
n

e.

Ix

1

16

2.16

1.92

2

18

2.50

2.26

3

17

2.38

2.22

Mean value

2.35

2.14

Triploid
1

14

3.72

3.74

2

16

3.38

3.42

3

15

3.50

3.50

Mean value
ANOVA, p value

3.53

3.55

<0.001

<0.001
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Table 20.

Life history characteristics of diploid and

triploid E. dilatata at 25®C.

n: number of individuals,

r: intrinsic rate of increase, T: generation time, Rg: net
fecundity, e,: life expectancy (in days), 1,: age-specific
survival (in days). A. Diploid clone Dl, Triploid clone
TIO.

B. Diploid clone D4, Triploid clone Til.

A.
Ploidy level
Diploid

n

r

T

Ho

e.

Ix

1

11

0.920

2.56

10.55

5.20

4.92

2

10

0.793

2.52

7.40

4.69

4.58

3

11

0.837

2.94

11.73

6.39

6.45

0.853

2,68

9.97

5.45

5.34

Mean value
Triploid
1

15

0.229

3.32

2.13

5.02

4.83

2

16

0.263

3.09

2.25

5.09

4.92

3

15

0.066

2.74

1.87

4.75

4.85

0.188

3.05

2.09

4.96

4.86

0.409

0.463

Mean value

ANOVA, p value <0.001

0.156

<0.004
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B.
Ploidy level
Diploid

n

r

T

a.

e.

1,

1

15

0.676

3.11

8.20

6.62

6.75

2

14

0.704

2.77

7.00

6.37

6.42

3

18

0.699

2.84

7.25

6.01

6.14

0.693

3.03

7.48

6.31

6.42

Mean value
Triploid
1

13

0.398

3.58

4.15

6.75

6.92

2

14

0.328

3.69

3.36

6.75

6.83

3

15

0.318

3.66

3.20

6.68

6.96

0.346

3.65

3.55

6.73

6.90

0.003

<0.001

0.09

0.06

Mean value

ANOVA, p value <0.001
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triploid clones were analyzed (Table 21).

This is because,

with the exception of one individual, all diploid females at
this temperature were mictic (reproducing sexually, i.e.,
produced either males or resting eggs).

It is not valid to

compare life history characteristics of individuals
reproducing by different modes as this may account for
differences seen in life history characteristics
rather than the environmental parameter being manipulated.
I attempted to acclimate diploid clones to 16“C on several
other occasions with a similar lack of success.

IV. Relative predation susceptibility.
i.

Predation by damselfly nymphs.

Mean nymph length did not vary significantly among
treatments in any of the following experiments (see
individual data tables for mean values and their
corresponding t-test p values).

Therefore it is reasonable

to expect that predation differences are due to prey
characteristics (probably rotifer size) rather than to
variation in predatory behavior or capacity.
controls, mortality was low, as expected.

In all

On average, fewer

than 1 animal per treatment was lost through miscounting or
non-predator mediated mortality (see Figures 19, 20, 21).
The survival of diploid rotifers in the presence of a
predator was significantly greater than that of triploids
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Table 21.

Lifetable analyses of a diploid (D4) and a

triploid (TIO) E. dilatata clone at 16°C with 1 month prior
acclimation to this temperature,

r: intrinsic rate of

increase, R„: net fecundity, T: generation time, 1,: agespecific survivorship (in days), e,: life expectancy
(in days).

Triploid clone TIO
Replicate

n

r

K 4

T

1,

e.

1

18

0.30

4.89

5.33

9.83

9.88

2

16

0.25

4.75

6.23

11.50

11.75

3

18

0.24

3.94

5.82

10.22

10.23

0.26

4.52

5.78

10.48

10.58

Mean value

Diploid Clone D4
All animals except 1 were mictic.
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Table 22.

Survival of diploid and triploid rotifers in the

presence of damselfly nymph predators.

/rotifers surviving
(mean + SE)

Treatment (n)

damselfly length
(mean ± SE)

A) diploid
(15)
rotifers only

24.3 ± 0.2

----

B) triploid (15)
rotifers only

24.7 ± 0.2

----

C) diploid
(12)
rotifers with
nymphs

19.8 ±

0.5

1.44 ± 0.04

D) triploid (12)
rotifers
with nymphs

12.8 ±

1.0

1.48 ± 0.04

ANOVA, p<0.05

t-test, p<0.05
SNK:

Mb ^ Me ^ Md
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Figure 19.

with nymphs

Survival of diploid and triploid £. dilatata

after 14 hours in the presence of a damselfly nymph.
Treatments initially contained 25 rotifers of a given ploidy
level and 1 predator.
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Figure 20.

with nymphs

Survival of diploid versus triploid £. dilatata

after 14 hours in the presence of a damselfly nymph.
Treatments initially contained an equal number (12) of
rotifers of each ploidy level and 1 predator.
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Survival of diploid and triploid £. dilatata in

the presence of a Hvdra.

Values for the mixed ploidy

treatment represent the combined survival of diploid and
triploid individuals.

Blank bars correspond to rotifer

survival after 5 hours and, solid bars, after 14 hours.
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both in experiments using prey of uniform ploidy and in
those with individuals of mixed ploidy.

When damselfly

nymphs are given rotifers of a single ploidy level as prey,
they reduced survival of diploid and triploid rotifers by
19% and 52%, respectively, relative to mean survival in
controls (Figure 19, Table 22).

In treatments with rotifer

prey of mixed ploidy, overall survival of rotifers was lower
but, again, significantly more diploids (69%) than triploids
(50%) survived (t-test, p<0.05; Figure 20, Table 23).
Clearly, size (and therefore ploidy level) can significantly
influence rotifer survival in the presence of size-selective
visual predators such as damselfly nymphs.
ii.

Predation by Hvdra

Under these experimental conditions, Hvdra proved to be
very effective in capturing and ingesting E. dilatata.
After 5 h in the presence of Hvdra. replicates consisting
only of diploid rotifers had an average survival of 25%.
Similarly, in treatments with triploid rotifers only, 27% of
individuals remained after 5 hours.

In the mixed ploidy

level treatment, the total number of rotifers surviving was
not significantly different from those in treatments
consisting of rotifers of a single ploidy level (Table 24;
p>0.05 Mann-Whitney U, Appendix 6; Figure 21).

However,

when the total number of rotifers surviving in this
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Figure 22.

14 hours

Survival of diploid and triploid £. dilatata in

the presence of a Hvdra after 5 and 14 hours in the mixed
ploidy treatment.

Empty bars correspond to survival of

diploid individuals, hatched bars to triploid individuals.
Replicates originally contained 12 individuals of each
ploidy level.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

158

Table 23.

Survival of diploid and triploid individuals in

replicates initially containing an equal number (12) of
individuals of each ploidy level.

Treatment
control

n

#rotifers surviving (mean ± SE)
diploid
triploid
8

t-test
nymphs
t-test

11.8 ± 0.2

11.9 ± 0.1

damselfly
length (cm)
----

p>0.05
12

8.1 ± 0.5

.9 ± 1.0

1.2 ± 0.04

p<0.05
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Table 24.

Survival of diploid and triploid rotifers in the

presence of Hydra.

^surviving rotifers
(mean ± SE)

Treatment (n)
A. After 5 hours:
triploid rotifers only (14)
diploid rotifers only
(15)
diploid rotifers with Hvdra (13)
triploid rotifers with Hvdra (15)
triploid and diploid rotifers
with Hvdra (14)

24.7+0.3
24.8+0.2
6.1 + 2.1
6.7 + 2.2
6.4 + 2.7

B. After 14 hours:
triploid rotifers only (15)
diploid rotifers only (13)
triploid rotifers with Hvdra (14)
diploid rotifers with Hvdra (14)
triploid and diploid rotifers
with Hvdra (14)

24.1
24.0
2.7
1.4
0.9

+
±
+
+
+

0.4
0.5
1.8
1.0
0.6

triploid

diploid

A. After 5 hours:

1.4 ± 1.3

5.1 ± 0.8

B. After 14 hours:

0.0 + 0.0

.9 + 0.6
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treatment is broken down into the number of survivors of
each ploidy level, after 5 hours it is apparent that
significantly more diploid individuals remain alive (MannWhitney U, p<0.05. Appendix 6; Figure 22); 78% of
individuals surviving are diploid.

After 14 hours, relative

survival between individuals of different ploidy levels
still is not significantly different form those in single
ploidy level treatments (Table 24, Mann-Whitney U, p>0.05
Appendix 6: Figure 21).

However, in mixed ploidy level

replicates, only diploid individuals survive (Table 24,
Figure 22).

Again, survival of rotifers was high (>96%) in

all controls (Figure 4; Table 24).

Whether detection or

capture success by the predator was responsible for the
increased vulnerability of the larger triploid is unknown.
Regardless of the mechanism, it appears that there is a
size-selective component involved in Hvdra feeding on
rotifers.
Discussion
In most animal populations, diploid and polyploid
populations are segregated geographically (Lokki et al.,
1975; Beaton & Hebert, 1988).

Many authors hypothesize that

for polyploid populations to become established they must
have novel physiological properties that allow them to
1) exist in habitats unavailable to their diploid
progenitors, 2) be competitively superior to diploids and
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eventually displace them from their original habitat,
3) have an increased capacity for colonization and
reproduction, or 4) have sufficient genetic variation for
further selective change (De Wet, 1971, Salemaa, 1984,
Zhang, 1989).

When polyploids arise from their diploid

progenitors, this process, by definition, takes place
sympatrically.

The shift from the coexistence of

individuals of different ploidy levels in some habitats to
the exclusion of diploids by polyploids in other habitats
has not been well documented.

To understand the disjunct

distribution of animals of different ploidy levels, it is
necessary to know how diploids and polyploids interact in
habitats where they are sympatric.
In this context, it is important to precisely define
what is meant by sympatry.

Here sympatry is defined as the

coexistence of two organisms both spatially and temporally
within a delimited habitat.

Very few cases of sympatry

among individuals of different ploidy levels have been
documented in the animal kingdom.

Sympatric coexistence of

diploid and polyploid individuals has been documented, as
summarized in the Introduction, in the unisexual fish
PoecilioDsis (Schultz, 1982), in some amphibian populations
(Bogart, 1980), in oligochaete worm Lumbricillus
(Christensen et al., 1976), in certain insect taxa (Lokki
& Saura, 1980) and here in the rotifer Euchlanis dilatata.
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Diploid-polyploid complexes of Daohnia populations have been
reported (Hebert, 1987a, b; Weider, 1987; Hebert & Beaton,
1988) but it is unclear as to whether individuals of
different ploidy levels co-occurred temporally.

Similarly,

Zhang (1989) and Zhang & Lefcort (1991) compare "sympatric"
pentaploid and diploid Artemia.

These authors made

comparisons of individuals of different ploidy levels that
had been established by hatching dormant cysts collected
from a saltern in China.

In this system, polyploid and

diploid genotypes co-occurred spatially in the form of inert
embryos but whether interactive, reproductively mature
individuals coexist spatially or temporally in nature
remains to be resolved.

However, in both of these

instances, it is likely that diploid and polyploid
individuals are sympatric based on the life history
characteristics of these species.

Both species produce

resting stages that hatch when conditions are favorable and
then undergo many generations of asexual reproduction.
Nonetheless, comparisons among spatio-temporal syntopic
individuals provide the most accurate assessment of
ecological and evolutionary divergence among conspecifics
that differ in ploidy level.
As mentioned above, one mechanism by which polyploids
may become ecologically established is by using habitats
unavailable to their diploid progenitors.

I found that
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diploid and triploid E. dilatata partially segregate their
habitat temporally.

Diploid individuals are found only in

spring and summer months, while triploid occur throughout
the year.

Populations of cyclical parthenogenetic rotifers

are generally thought to overcome "unfavorable"
environmental conditions by shifting modes of reproduction
(King & Snell, 1977).

Sexual reproduction results in the

formation of resistant resting eggs which can remain dormant
for extended periods, hatching when environmental conditions
are appropriate.

Diploid populations of E. dilatata in

Devils Lake most likely conform to this pattern, undergoing
a period of sexual reproduction in late June or early July
and re-establishing themselves yearly by the hatching of
resting eggs.

However, I did not observe males in field

collections at this time.

This is not unusual since male

rotifers are hard to detect because of their reduced size
and short life spans (Gilbert & Stemberger, 1985).

However,

during the initial laboratory cloning process diploid lines
frequently became sexual in response to the drastic change
in their immediate environment (i.e., from natural field
conditions to an artificial laboratory situation),
indicating their ability to shift reproductive modes.

As

indicated in Chapter 3, I have never observed evidence of
sexual reproduction (i.e., the production of males or
resting eggs) in either field collections or laboratory
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cultures of triploids.

The ability of triploids to persist

during periods of low nutrients and temperatures may
compensate for their apparent loss of the ability to form
resting eggs.

Further, it allows them to exploit a seasonal

component of their environment that is unavailable to
diploids.

Not only can triploids persist during

"unfavorable" winter months, they are also able to maintain
their abundances throughout the year.

Thus, Lynch's (1984)

suggestion that polyploids "possess more broadly adapted
phenotypes than diploids" may be true for this rotifer
species.
Some polyploids may also differentiate their
microhabitat from that of diploids on a spatial scale.

In

general, polyploid populations have different large scale
geographic distributions than those of diploid populations
(see Introduction).

Similar broad scale surveys have not

been conducted for rotifers.

On a much smaller scale, I

found both triploid and diploid individuals of E. dilatata
at two spatially separated sites in the littoral zone of
Devils Lake.

Within each site, both diploid and triploid

individuals were found on the same plant (Appendix 5).

In

laboratory oviposition site preference tests, clones of each
ploidy level preferentially deposited their eggs on
Mvriophvllum (Table 18).

In this population I found no

indication that individuals of different ploidy levels are
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spatially segregating their habitat.
The differences in the seasonal distribution of diploid
and triploid rotifers most likely arise as a consequence of
their physiological characteristics.

One means by which

such differences may be detected is through the analysis of
life history characteristics under varying environmental
conditions.

By using asexually reproducing individuals of

each ploidy level, genetic variation among individuals
within a given ploidy level is minimized.

Comparisons of

ploidy-level specific responses to various environmental
conditions can then be made.

I found that under a high

temperature regime (25°C) diploid clones produced
significantly more offspring and had higher intrinsic rates
of increase than did triploids.

Triploids were able to

survive and reproduce at this temperature.

Under low

temperature conditions (12°C) without prior acclimation,
triploids were able to survive.

In laboratory cultures at

this temperature, triploid individuals produced an
occasional offspring (personal observation).

Age-specific

survivorships and life expectancies were significantly less
for diploid clones, and no individuals reproduced.

Further,

triploid clones can be acclimated to 16°C, and following
acclimation, regularly produce offspring (personal
observation).

Attempts to acclimate diploid clones

consistently resulted in a shift in reproductive mode.
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the exception of one individual, all diploids tested became
sexual during the acclimation process.

Therefore, the

general relationship between differences in the temporal
distribution of diploid and triploid 1. dilatata and their
corresponding life history characteristics remains equivocal
due to these experimental problems.
Weider (1987) compared life history characteristics of 2
diploid and 7 polyploid clones of E. pulex.

He found that

polyploids reach maturity at later ages, mature at larger
sizes, produce smaller broods of larger offspring and have
lower r as compared to diploids.

Zhang (1989) compared life

history characteristics of pentaploid and diploid Artemia
hatched from cysts.

Pentaploids had lower net fecundity,

shorter life spans, and reproduced at an earlier age.

He

also found that pentaploid clones were more tolerant to
temperature and salinity extremes.

Similarly, Wang (1986)

found pentaploid Artemia have faster growth rates and are
larger than diploid individuals.

In each of these studies,

polyploids and diploids were compared under only a single
set of environmental conditions.

Clearly, more information

regarding physiological traits is needed for sympatric
populations and under a variety of natural and laboratory
conditions before generalizations can be made concerning the
physiological responses of freshwater invertebrate polyploid
and diploid conspecifics.
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In his 1982 literature review, Resnick summarizes
evidence showing predation can be an important factor
influencing life history evolution within populations.
Here, I have demonstrated that triploid E. dilatata are more
susceptible to predation by both damselfly nymphs and Hvdra
under laboratory conditions.

Because triploids are larger

than diploids, the probability of them being detected by a
visual predator (such as damselfly nymphs) may be greater.
My results do not completely conform to the general pattern
observed in aquatic invertebrate predator-prey systems.
Generally, invertebrate tactile predators selectively feed
on smaller zooplankton size classes.

Rotifers may not

necessarily follow to this pattern because they form one of
the smallest zooplankton size classes.

Because of their

small size, diploid rotifers may be immune to invertebrate
predation by occupying a size dependent zone of refuge
(Ricklefs, 1990), especially for visually-feeding predators
such as damselfly nymphs.
The temporal and spatial distribution of E. dilatata
individuals of different ploidy levels may be influenced by
their different susceptibilities to invertebrate predators.
Lynch (1983) showed size-selective predation by both
vertebrate and invertebrate predators influenced the clonal
composition of a Daohnia population.

Weider (1987) suggests

that relative predation risks associated with the
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differences in life history characteristics may influence
the clonal composition of diploid-polyploid D. pulex
populations.

Hebert (1987) has also hypothesized that the

unusually large body sizes and eggs of polyploid D.
middendorfiana may be important in determining survival in
the presence of predatory copepods.

In addition, he

suggests that individual melanic polyploid D. pulex may be
less susceptible to predation by copepods than their nonmelanic diploid counterparts.

These studies demonstrate how

ecological differences associated with differences in ploidy
level may dramatically impact predator-prey interactions,
and lead to differential success of populations varying in
polyploidy level.
The ability of triploid rotifers to occupy a different
temporal component of their habitat thus may be a function
of their life histories and relative predation
susceptibilities.

Triploids and diploids do not differ in

their spatial distribution, either on a large scale (within
lake) or smaller scales (within sites, within macrophyte
species or within macrophyte individuals).

Further, the

existence of polyploidy may enable populations of Euchlanis
dilatata to persist under conditions unfavorable to diploid
individuals.

The greater phenotypic plasticity and genetic

diversity of Euchlanis dilatata populations comprised of
both diploid and polyploid individuals may allow them to
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exploit habitats unavailable to populations consisting only
of diploids.
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General discussion
I.

Spatial heterogeneity and population structure

The distribution of a population can be established
directly as a consequence of animals exhibiting habitat
selection, or indirectly through a multitude of abiotic and
the biotic interactions.

Both direct and indirect processes

contribute to the observed distribution of Euchlanis
dilatata in Devils Lake.

This littoral rotifer is not

randomly distributed within its habitat (see Chapter 3).
Rotifers derived from this population exhibit several
oviposition behaviors indicating that they actively
participate in determining their distribution.

Laboratory

experiments demonstrate the potential of predator-prey
interactions in affecting the observed distribution of E.
dilatata in nature.
The distribution of Euchlanis dilatata among
microhabitats results, in part, as a direct choice of their
oviposition site.

I have demonstrated that these rotifers

use two very different types of cues in determining where to
deposit their eggs.

First, clones that remain at the natal

site for extended periods after hatching subsequently lay
their eggs in clumps as adults, and preferentially deposit
near eggs and eggshells of conspecifics.

Second, their egg

deposition site is also dependent upon macrophyte species.
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The association between Mvriophvllum exalbescens and E.
dilatata may have an historical component, as it has also
been found in populations in central and southern Sweden
(Berzins & Pejler, personal communication).

Together these

two types of cues interact in the formation of the strong
association seen between this rotifer and plant species seen
in Devils Lake.

Another contributing factor may be the

indirect result of habitat-specific predation
susceptibilities.
In laboratory experiments, damselfly nymphs fEnallaoma
carunculata) do not forage as efficiently on E. dilatata in
the presence Mvriophvllum compared with other macrophyte
species.

In a separate laboratory experiment, I observed

damselfly nymphs perching on Mvriophvllum less frequently
than on two other plant species.

Potentially, nymph

perching and foraging behavior combined with rotifer
microhabitat preferences may strengthen the association
between Mvriophvllum and E. dilatata.
Although not statistically significant, rotifer
mortality due to Hvdra was lowest in the presence of
Mvriophvllum compared to other plants.

The difference in

magnitude between these laboratory experiments may be a
consequence of different mobilities and foraging modes of
the two predators: damselflies are visual, sit-and-wait
predators and Hvdra are tactile, low mobility predators.
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While E. dilatata in general behaves this way, there are
differences in susceptibilities associated with ploidy level
(see below).

This is the first study to examine predator-

prey relationships of non-planktonic rotifers.

Future

behavioral observations of interactions between both types
of predators and the rotifers could potentially clarify
these relationships.
M. exalbescens. the preferred plant species, is
relatively rare in the littoral zone of Devils Lake.

As E.

dilatata can actively move among aquatic macrophytes, it is
possible for them to colonize more common macrophyte
species.

However, associating with these species may

increase their susceptibility to invertebrate predators.
II.

Temporal heterogeneity and population structure

A particularly interesting aspect of this population is
its genetic structure.

Chromosome analyses showed that the

population is comprised of both diploid and triploid
individuals.

This is the first demonstration of polyploidy

in the Phylum Rotifera.

A correlate of increased ploidy is

the apparent loss of sexuality.

There was no indication of

sexual reproduction among polyploid E. dilatata (i.e,
production of males or resting eggs), either in field
collections or in long-term laboratory cultures.

Loss of

sexuality is also likely due to inherent meiotic constraints
imposed by triploidy.

In contrast, diploid conspecifics
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reproduce by cyclic parthenogenesis.

Thus, members of this

population exhibit quite different reproductive modes, and
each varies in its evolutionary consequences.
Cyclic parthenogens benefit by 1) eliminating time spent
searching for and mating with males, 2) doubling the
effective fecundity during the asexual phase and
3)maintaining potential genetic variation in offspring that
are products of recombination produced during the sexual
period.

Polyploids derive only the benefits associated with

asexual reproduction.

However, King (1980) theoretically

demonstrated that mutation alone can maintain high levels of
genetic variation within large rotifer populations.

In

addition, the timing of sexual reproduction may be critical
in determining the amount of genetic variation released
through sexual recombination.

To maximize genetic variation

sexual reproduction should occur early in the population
cycle when genetic diversity is presumed to be at a maximum
(King, 1980).

King (1972) and Carlin (1943) present

evidence that the sexual period occurs late in the
population cycle of E. dilatata.

Therefore, King (1980)

suggested sexual reproduction may not contribute
significantly to the genetic variation present in the next
sexually-derived generation.

Thus, the loss of sexuality in

the triploid component of the Devils Lake E. dilatata
population may not represent a significant evolutionary
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loss, at least in terms of genetic diversity.
King (1980) and Ruttner-Kolisko (1963) suggest that the
function of sex in many rotifers is the production of
resting eggs.

In cyclic parthenogenetic rotifers, sexual

reproduction is coupled with the formation these eggs.
Embryos are encased in a series of complex membranes and can
withstand severe environmental conditions for undetermined
lengths of time.

Diploid E. dilatata are present in Devils

Lake only from April through July, presumably overwintering
as resting eggs.

While triploids apparently can not produce

resting eggs, they have broader physiological tolerances and
maintain populations throughout the year, thus increasing
the number of generations available to them and the
probability of genetic variation via mutation.

The

maintenance of genetic variation may be maintained by
different mechanisms in this Euchlanis population; by sexual
reproduction in diploids and by mutation in polyploids.
King (1972) found that Euchlanis dilatata collected at
different times of the summer in a western Washington lake
varied in their life history characteristics.

Based on

these finding he suggested that clones were genetically
distinct and proposed a model of genetic discontinuity to
explain the adaptation of rotifers to temporal habitat
variation, i.e., the population consisted a series of
genetically distinct, reproductively isolated clones that
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were physiologically adapted to specific seasonal time
intervals.

An alternative explanation may be that his

population was a diploid-polyploid complex such as that I
have described for Devils Lake Euchlanis dilatata.
Interestingly, King's "early" seasonal clones were collected
in early May, were relatively rare, and were hard to
culture.

Each of these characteristics applies to triploid

clones I isolated from Devils Lake.

Further, their life

history characteristics are similar; his "early" and my
triploid clones survive better and produce more young at low
temperatures than their "late" and triploid counterparts.
Also both "late" and diploid clones are more successful
under high temperature regimes.

It would be very

interesting to compare body sizes King's "early" and "late"
clones.
III.

Ecological comparisons of alternate
life histories.

Selective forces associated with heterogeneous
environments shape life history characteristic of the
species inhabiting them.

Diploid and triploid Euchlanis

dilatata in Devils Lake differ markedly in their life
history characteristics.

What are the relative benefits and

costs of diploid versus triploid life history strategies in
this heterogeneous environment?

A comparison between the

two ploids can be made because they inhabit the same plant
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species fMvriophvllum) even occurring on the same individual
plant.

Euchlanis susceptibility to predation by both

invertebrate predators was significantly decreased when
Mvriophvllum was present.
A major ecological benefit of diploidy (relative to
triploidy) is decreased predation pressure to both
predators.

Triploids, while incurring a greater

susceptibility to invertebrate predation, benefit by
inhabiting a wider temporal component of their habitat and
by exhibiting a broader physiological ranges.
Genetically, diploids benefit from a potential increase
in genetic variation associated with sex and the production
of resting eggs.

Resting eggs, besides containing

genetically diverse embryos, provide tolerance to adverse
ecological conditions and are hypothesized to be the major
avenue of dispersal for rotifers.

To realize these

advantages however, diploids incur the two-fold cost of sex
(production of males, and lost time in searching and mating
with males).

Triploids do not have the costs associated

with sex, but since sex produces the propagules the
triploids may consequently be limited in their dispersal
capabilities.

And as discussed above, triploids have a

relatively fast generation time.

In Devils Lake, both of

these strategies appear to be successful for Euchlanis
dilatata. and the evolutionary stability of each strategy
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would be an interesting topic for further research.
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Appendix 1

Dates and sites of collection of E. dilatata clones studied.

Clonal
designation

collection
site
date

plant
association

ploidy
level

DL

Devils Lake, 1

3/15/86

Mvrionhyllum

triploid

—

QP

Quarry Pond

7/14/86

mixture

n.d.

—

QP2

Quarry Pond

7/7/86

mixture

n.d.

—

SC

Soap Creek Pond 6/9/86

mixture

n.d.

—

Ml

Devils Lake, 1

4/23/88

Mvrionhvllum

triploid

T1

M2

Devils Lake, 3

5/21/88

Mvrioohvllum

diploid

D1

M3

Devils Lake, 2

5/7/88

Mvrioohvllum

diploid

D2

M4

Devils Lake, 3

7/10/88

Mvrioohvllum

diploid

D3

El

Devils Lake, 1

4/23/88

Elodea

triploid

T2

E2

Devils Lake, 1

4/23/88

Elodea

triploid

T3

E3

Devils Lake, 1

4/23/88

Elodea

triploid

T4

Cl

Devils Lake, 2

4/23/88

Ceratoohvllum

triploid

T5

C2

Devils Lake, 2

4/23/88

Ceratoohv H u m

triploid

T6

C3

Devils Lake, 3

5/21/88

Ceratoohv H u m

triploid

T7

C4

Devils Lake, 3

4/23/88

Ceratoohvllum

triploid

T8

A1

Devils Lake, 1

6/7/88

M. aauaticum

diploid

D4

A2

Devils Lake, 3

4/23/88

M. aauaticum

triploid

T9

—

Devils Lake, 2

4/10/88

Aarotis

triploid TIO

— —

Devils Lake, 2

4/10/88

AarOtis

triploid Til
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Appendix 2

A.

I conducted a preliminary experiment to further

investigate the role of chemical versus physical cues in
determining egg deposition site preferences in E. dilatata.
Approximately 100 rotifer eggs from clone TIG were
homogenized and incorporated into a low melting point
agarose solution (3% SeaChem LE Agarose, EMC). A similar
solution was prepared without egg homogenate.

A punch

(5 mm diameter, 1 mm thick) from each type of agar was
placed into a 5-cm diameter culture dish containing 50
ovigerous females of the same.clone.

I recorded the number

of eggs laid on each punch after 16 hours.

Animals laid 18

eggs on the punch containing egg homogenate and 8 eggs on
the plain agar punch.

Although these results are

intriguing, the experiment was not replicated, so
statistical analyses are not warranted, and conclusions must
be drawn with caution.
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Appendix 3

1.

Size determination and embryonic developmental time for

clones SC, QP and DL.

Size measurements were taken at age

48 h, all clones had been maintained under identical
conditions for at least 10 generations before measurements
and developmental time were determined.

The dramatic

differences in the length and width of clone DL (One-Way
ANOVA, p<0.001; SNK p<0.001) is associated with a difference
in ploidy level (see Chapter 4 for further discussion).

Clone

n

mean length
(jum ± SE)

mean width
i m ± SE)

n

mean
development
time (h ± SE)

DL

16

249 ±

3

202 ±

5

16

17.9 ± 0.2

QP

23

191 ±

2

155 ±

2

33

15.1 ± 0.6

SC

32

188 ±

1

142 ±

1

77

14.4 ± 0.5

ANOVA
SNK

p<0.001
M dl

^

Mqp

“

p<0.001

p<0.001
Msc

Md l

^

Mqp — Msc

M dl

^

M qp“

Msc
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2.

Summary of life history characteristics for clones SC,

DL2, and QP2 fed 250,000 cells/ml of Chlamvdomonas
reinhartii at 25°C.

Each clone was tested separately.

Statistical analyses were not conducted since experiments
were performed at different times and in the case of DL2
under slightly different experimental conditions (fed
500,000 cells/ml).

Clone

n

SC

9
9
9

1.36
1.21
1.04

5.40
4.89
3.22

1.24
1.32
1.12

2.25
1.88
1.64

2.15
2.03
1.64

QP2

9
11
10
10

0.93
1.09
1.15
1.07

5.56
8.10
8.09
7.40

1.85
1.82
1.91
1.87

3.33
3.88
3.70
3.36

3.28
3.70
3.59
3.30

TIO

13
14
15

0.40
0.33
0.32

4.15
3.36
3.20

3.58
3.69
3.66

6.92
6.83
6.96

6.75
6.75
6.68

r

Ro

T

Ix
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Appendix 4

Preliminary experiment to assess Hvdra and bryozoans as
potential predators of Euchlanis dilatata.
A. Bryozoans. I starved 15 Hvdra and 15 bryozoans for 24 h
in filtered lake water. I then placed them into 1 ml of
fresh, filtered lake water containing 25 rotifers. I also
set-up 15 control replicates, 25 rotifers/beaker without a
predator. I recorded rotifer survival 14 h later.

predator

#rotifers surviving
(mean + SE)

Hvdra

2.8 + 1.2

bryozoan

21.9 + 0.7

control

24.3 + 0.2

Hvdra significantly decrease rotifer survival
(ANOVA, p<0.001; SNK p<0.05) while bryozoans did not
(SNK, p>0.05).
B. Dragonfly nymphs. I placed 25 rotifers into 15 replicate
beakers containing 1 dragonfly nymph and 50 ml of filtered
lake water. I also set-up 15 control replicates.

Treatment

#rotifers surviving
(mean + SE)

rotifers only

24.7 ± 0.2

rotifers
with dragonfly nymphs

23.1 ± 0.2

Dragonfly nymphs did not significantly decrease rotifer
survivorship (t-test, p>0.05).
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Appendix 5

Measurements of large and small morphotype individuals
collected on May 28, 1990 at Site 1 Devils Lake, Lincoln
City, OR.

Animals were fixed in dilute Lugol's solution

immediately after isolation from vegetation samples.

Morphotype
(ploidy level)

n

length (/xm)
(mean ± SE)

large (triploid)

7

259.8 ± 1.8

185.6 ± 3.1

small (diploid)

6

209.3 ± 2.1

158.7 ± 2.0

t test, p < 0.05

*

width (jLim)
(mean ± SE)

*
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Appendix 6

Mann-Whitney U values for comparisons made in Table 9.
* indicates p<0.05, *** p<0.001.

Bonferonni adjusted

a=0.005.

Comparison

^criU»l.o2

significance

After 5 hours
triploid control
trinloids+Hvdra

178

213

***

diploid control
dioloids+Hvdra

141

195

***

diploid control
triploid control

132

104

ns

triploid+Hvdra
dinloid+Hvdra

132

95

ns

After 14 hours
triploid control
trinloids+Hvdra

151

210

***

diploid control
diploids+Hydra

132

182

***

diploid control
triploid control

132

99

ns

triploid+Hvdra
diploid+Hvdra

132

111

ns

After 5 hours

141

167

***

After 14 hours

141

147

*

Mixed ploidy
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